US Army Corps 
of Engineers 


WS), as Eug, Ka. Gu ledk, Kp. FUREY 


TECHNICAL REPORT CERC-86-11 


ANNUAL DATA SUMMARY FOR 1984 
CERC FIELD RESEARCH FACILITY 


by 
Herman C. Miller, William E. Grogg, Jr., Michael W. Leffler, 
C. Ray Townsend Ill, Stephen C. Wheeler 


Coastal Engineering Research Center 


DEPARTMENT OF THE ARMY 
Waterways Experiment Station, Corps of Engineers 
PO Box 631, Vicksburg, Mississippi 39180-0631 


é gs Hole FE eearit apie 
=< \NoO 
OM _ Insiitution 


November 1986 
Final Report 


Approved For Public Release; Distribution Unlimited 


Prepared for DEPARTMENT OF THE ARMY 
US Army Corps of Engineers 
Washington, DC 20314-1000 


Destroy this report when no longer needed. Do not return 
it to the originator. 


The findings in this report are not to be construed as an official 
Department of the Army position unless so designated 
by other authorized documents. 


The contents of this report are not to be used for 

advertising, publication, or promotional purposes. 

Citation of trade names does not constitute an 

official endorsement or approval of the use of 
such commercial products. 


Unclassified 
SECURITY CLASSIFICATION OF THIS PAGE 
Form Approved 


REPORT DOCUMENTATION PAGE OMB No. 0704-0188 
Exp. Date: Jun 30, 1986 


DISTRIBUTION / AVAILABILITY OF REPORT 

Approved for public release; distribution 

unlimited 

4. PERFORMING ORGANIZATION REPORT NUMBER(S) - MONITORING ORGANIZATION REPORT NUMBER(S) 
Technical Report CERC-86-11 


2b. DECLASSIFICATION / DOWNGRADING SCHEDULE 


6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION 
(If applicable) 


See reverse WESCV 
6c. ADDRESS (City, State, and ZIP Code) 7b. ADDRESS (City, State, and ZIP Code) 


PO Box 631 
Vicksburg, MS 39180-0631 
8a. NAME OF FUNDING/ SPONSORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER 
ORGANIZATION (If applicable) 


US Army Corps of Engineers 
&c. ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS 


PROGRAM PROJECT TASK WORK UNIT 
Washington, DC 20314-1000 ELEMENT NO. NO. NO ACCESSION NO 


11. TITLE (Include Security Classification) 
Annual Data Summary for 1984, CERC Field Research Facility 


12. PERSONAL AUTHOR(S) 
Miller, Herman C., Grogg, William E., Jr., Leffler, Michael W., (Continued) 


13a. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) |15. PAGE COUNT 
Final report RON cen eee November 1986 220 
16. SUPPLEMENTARY NOTATION 


Available from National Technical Information Service, 5285 Port Royal Road, Springfield, 
VAL 220615 


18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number) 
Atlantic Ocean Statistics 

ee ae ss is | Meteorology, Maritime 
ernie lle eas) Ocean waves 


19. ABSTRACT (Continue on reverse if necessary and identify by block number) 


This report provides basic data and summaries for the measurements made during 1984 
at the US Army Engineer Waterways Experiment Station (WES) Coastal Engineering Research 
Center's (CERC's) Field Research Facility (FRF) in Duck, N. C. The report includes compar- 
isons of the present year's data to prior years and cumulative statistics from 1980 to the 


present. 
Summarized in this report are meteorological and oceanographic data, monthly bathy- 
metric survey results, samples of quarterly aerial photography, and descriptions and hourly 
data for 14 storms that occurred during the year. Wave conditions were slightly lower than 
average with the fewest storms since 1980. The year was highlighted by the close passage 


‘ALA 


0 
ne of hurricanes Isidore in September and Josephine in October. 
i) 
is fu (Continued) 
=) a z 
— c 20. DISTRIBUTION / AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION 
— =) CY UNCLASSIFIED/UNLIMITED (SAME AS RPT CO otic users Unclassified 
—= 22a. NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE (Include Area Code) | 22c. OFFICE SYMBOL 
[——=— 
oO 
m DD FORM 1473, 84™mMaAR 83 APR edition may be used until exhausted SECURITY CLASSIFICATION OF THIS PAGE 
oO All other editions are obsolete Unclassified 
oO 


A 


6a. NAME OF PERFORMING ORGANIZATION (Continued). 


USAEWES 
Coastal Engineering Research Center 


12. PERSONAL AUTHOR(S) (Continued). 
Townsend, C. Ray, III, Wheeler, Stephen C. 
19. ABSTRACT (Continued). 


This report is the sixth in a series of annual summaries of data collected at the 
FRF. Data collected from 1977-1979 were published as CERC Technical Report 82-16; data 
from 1980 to 1983 were published as CERC Technical Reports 84-1, 85-3, 86-5, and 86-9, 
respectively. These reports are available from the WES Technical Report Distribution 
Section of the Technical Information Division, Vicksburg, Miss. 


PREFACE 


Data and data summaries presented herein were collected during 1984 and 
compiled at the US Army Engineer Waterways Experiment Station (WES) Coastal 
Engineering Research Center's (CERC's) Field Research Facility (FRF) in Duck, 
N. C. This report is the sixth in a series of annual FRF data summaries car- 
ried out under CERC's Waves and Coastal Flooding Program. 

The report was prepared by Herman C. Miller, Oceanographer, under the 
supervision of Curt Mason, Chief, FRF Group, Engineering Development Division. 
Michael W. Leffler, Civil Engineering Technician, assisted with data collec- 
tion and analysis; William E. Grogg, Jr., Electronics Technician, assisted 
with instrumentation; and Stephen C. Wheeler, Computer Specialist, and C. Ray 
Townsend III, Amphibious Vehicle Operator, assisted with data collection. 

Dr. James R. Houston and Mr. Charles C. Calhoun, Jr., were Chief and Assistant 
Chief, respectively, of CERC. Dr. William L. Wood, former Chief, and 

Mr. Thomas W. Richardson, Chief, Engineering Development Division, provided 
general guidance. 

The National Oceanic and Atmospheric Administration/National Ocean Ser- 
vice maintained the tide gage and provided statistics for summarization. 

In addition, a special thank you is extended to William A. Birkemeier, 
Hydraulic Engineer, for his supervision of the FRF surveying program. 

COL Allen F. Grum, USA, was the previous Director of WES. COL Dwayne G. 
Lee, CE, is the present Commander and Director. Dr. Robert W. Whalin is 


Technical Director. 


CONTENTS 


PREPAGE 6 6 5 cd's cc c.0 oe sieves ce clelsletslclsle sc cielais)s\cleve ce! elsieleie:cisie\s\e) el elsiele s/c sle)/s/eie eles « 


LIST OF TABLES... ..cccccccccccvccccccccvcccescscesesessccesccccsececce 
LIST OF FIGURES... .cccccccccccccccccccrcsccccsessesescsseseccssescvces 
CONVERSION FACTORS, NON-SI TO SI (METRIC) UNITS OF MEASUREMENT......-. 10 
PART I: TN TROD UCILON GR vepsnetotayenelel cvekstsier erieled cVovelevel creletete lsltelel ele! ee ol ol ellavel olehotelielel(e ll 
PART II: CLIMATOLOGICAL SUMMARY... ...ccvccccccccses cco cere cece cece 14 


WaVie Sicieleisrets SMEG GO OOOO ODAOLOOUOGDC BO SDOORUD OOOO ODDO ODOOGOOOD 14 
NearshoTre cGurrent:Sicieicicccketeiclerelencieneielekeleteiene oielercKetolelialelelsieleeievoueiohoisisifeKekele 15 
TidesiandieWaltermleviellis there crereislelelsvehevevevetelelere ciarsie tals ol cllevelisliel sferctel elle estes 15 
BalthyMetLy, o)s eye. cceisie/s e:e,eleiejelelonsieiejelie: o/e)shele\elle(s1 sj/e/e//els| e)0i\e]iey'e/s/\s)/efaiielis\\s) o).e.e)leheiei 15 
Sediments Sizer cies euclele cholereleveyeleveiel evel olelenevedcieteliara elle ehelel ohersnevrerenerereisier sie 16 


PART III: INSTRUMENTATION... cc ccccccccrcccccercccecesesessccccccce Lh), 


Meteorological Instruments........cee- FOOD OODUOOOOD OUD UGOO0 00000 17 
Wage Gages. 2. . Sec cece mec eecesneecce sess cscesiecncessioneviels 20 
Til den IGA Cher accleleievellcvelc) sy oleleverslelelsiel Ke) joreie joke lel evelleus\e1 o1 Kel ni(olel of slieel s\felel siehelehefelienie 21 


PART IV: DATA COLLECTION AND ANALYSIS... ..cccsccccccccssccecccscsces 22 


Data Acquisition System/Digital Data Collection.........seseoeee 22 
Meteorological Data... cceccccccccercccccccvecssescerscccsscscece 22 
WaviesDaltarrterctcte ci clere Gheteiel clevclenctcverslelcherstateliote si clcterclep el chetiel slielelehele! elieiel ellelelorsi 23 
Water mlevieds, Datars cyiicrereieie) slevelepsjers/clele elec. slate) «ieHel'el sjielles silcteiejeleiellsiie)o/elleyejelsiieys 25 
Vilisuaily ODSEEVatLONS cierclelsaia\eisieors!love) silelever elec elaiiesielelelollelle eifejelellelel elie slleltaleire 26 
Bathymetric and Pier SurveyS...cccccesccccccccccccrecssccsscsscccs 26 
Photograph cy Da tarelercisjeieyereleieieps si eyelelleleye! eels ope.es/ lel eich! #\ejefe/el sl e\le}iel eyelia\ie’ elie\'e 27 


PART V: DATA AVAILABILITY AND RESULTS... ..ccccesccccccesccrcccccces 29 


MEE OT ONO Rysoterevcrersisielloberel aero rotene) of e\ellel el o\(srelefereleteie](els}.oKellel(s) cl\e\eielolsl.ener ekeleyepe¥sre 30 
RENGO.g COD ONO DUDUOUO OUT OO SOOO UOOD GOON OUR OEOU.COD OD OUD GOD DONO OG6 bo 39 
CUTETEMES ere cletetelerercioleveleheney clevchelel nelle cveherencioteseverelle/ebelicrslelelovercreneietete eneverers 50 
Tides and Water Levels....... SOUMOOO OO DDUOOO DO ODOOUDDOODOOdONOOS 58 
Water Characte rds tal csraicvetecteterctolorerelsleieicrenckercrovehelelorele) her chelensteloneleneierele 61 
SUIGVIGWSiicietoletetelelocoteterelstonehelers) ckelcveroteret tiene Rated sisaencualekederctolevencrencuchenesorepenorene 69 
Photography....... colevalololeis elenoteleteiehel Nelenstareveielenevorcehenchevey sicher skelte branuodo 74 


PART VI: SILORMS O erers re: eicileieieveveite/ sel eliesevs shealovel shevetelsicrelotehelorofelelolesiensieveleroleles sieleKe 78 


January GOB 4 ers selerelelle o ele|ereliele elele) s/eie/ el elohel ole vfelsketelieele) ofelels/is).slsieliellel hel lehsieye 78 
HAparcy apm rmnagqcrmoCUdUOUOOUUDOUOCOOUOODUOUUOOU DUD DOOOOODO0UD 78 
U3 Manche OSA rervercvorsteleterercrekeneievevelorelclclerslelevelevete/evoionoiel VeleleNerelchenetehokel eke 79 
SU WER ICEYAS OC Rong oODOU UDO OOOO OUUUO OUD OCOODO OOOO GOOD OOUODUOOOD 79 
September W984i .....c:6.c clic cle 0 cl vi eie eilere)e/e)ei.0\'0) sleieie, elsisele/e ei elleileeiesiejeleleieleie 79 
OCEODeST 1G BA eievsrc oe velereravetelenevevetorcholeiove oleysioreyclersiiectatoleliolejclielerolsleliavelolele ekorete 80 
November OS Aaeritcieiaielercielevelioteiclekeioleloletercierelsvelelohekerteloielovohersicieheleleloheleneletale 80 
6 December 1984......ec.~ BDDOe OOO ODO OCOU EOD DOOUDOUDOOOUOD OD ODOUOS 80 


REFERENCES. . 


APPENDIX A: 
APPENDIX B: 
APPENDIX C: 
APPENDIX D: 


WAVERIDER BUOY CALIBRATION INFORMATION......cccee- 


WAVE DATAC Ty aterrailslslcvaliclotersistsyeleleveleleleloleieleleyevelets 


e@oceeecee 


SURAINC IWMY Sig dg ominio colo oO OUI OOOO OOOOC seer eevee cercccccce 
STORME DATA tre cioielehereleie! slersisistetelel s/s See 010! 010 0:8 0:80 0 sye 0 66,0) 


2m 
° 


aoe | 


e 
GOO ONDU 


ee ol 
ee 


B12 


B13 


LIST OF TABLES 


Page 

Spectral Band and Peak Period Specifications..........ss.eeeeeee 25 
LO S49Da ta Aviat labaelld ty.cterclerercicheyeleievelevetetelel ciel velcVereicrelsKele/ ele sheisfelsy syelslshe= 29 
Monthly Mean Air Temperature and Atmospheric Pressure 

Statistics icrestere's HOUR OOOUCOUCOS SHOOHODOODOUOUDUOODODD OO GDOaDdO 30 
Precipitation StatisticS....cccccsccccccccccccessevcecsccssccece 33 
Resultant Wind Speed and Directions Relative to True North...... 35 
Resultant Wave Height and Directions.....ccccccccccccccecssccees 47 
Joint Distribution of Wave Height Versus Period, 1980-1984...... 52 
Annual and Monthly Longshore Surface Currents at the FRF........ 55 
1984 Mean Tide Height Statistics......ccccccccccccccccccsssceces 59 
Mean Surface Water Characteristics Measured at the Seaward 

Endwot sthemhRhuPalie ry sreyerclereteiensvcliorcienstcliccecuensisicrelelle/elstelelel sfeleneKelevellctetcieRs 63 
Aerial Photography Inventory for 1984.......eeeeee- Benepetener sions ehorele 77 
Operational/Calibration Dates for the Waverider Buoys Used at 

the FRE eDurdin ge 98 4 aie ecreyereveleyereteles elersiepele eel ol eleliele!evalielshatlel ajeieyoieite S080 Al 
Waverider 67715-7 Errors (Proporedion) « <)sie occ oie wieiereie ocleis siole sieve A4 
Waverider 66967 Errors (Proportion) for 1 December 1982 

Gailelib raltsto mies tstereneleve sicko eiclerele|evorelalers HHO RO DOM OOO OOOUMOOU OC OOGIOOGSO A4 
Wave Gage Histories for 1984........ccececcccccveeees GoonKo00008 B3 
1984 Mean, Standard Deviation, and Extreme Ha and He for 

Gage GD RU Sick s PRUNE MRR Bieta tn AU nore cece SIRE ace oO Te 50.000 B5 
1984 Annual Joint Distribution of He Versus a for 

Gag emO25ieretesereteneters/ etc cieietancve ekeuchetchals Se SiS Mean 20s Cai rar hea aan a ea B7 
1984 Seasonal Joint Distribution of Hn Versus T for 

Gape O25 nie cates: i een BEA MN AN ROR RL A ed B7 
1984 Monthly Joint Distribution of H Versus He for 

Gale GM O25ieterereraketevecsie/ersrereleverelerenoKenerele EO OWEN TN CS UAT Cel a ae B9 
1984 Persistence of Ho for Gale COZ ervetererelchelenenelatotorelicrsllevelerelis) cuorens B19 

fo) 

1980 Through 1984 Mean, Standard Deviation, and Extreme 

A and a LOT GAG eCMOL Dicieiercselereieiei ele ere rel siehere)ie)iel(eye\iollelelellel(eieleleler ene ene B23 

fe) 

1980 Through 1984 Annual Joint Distribution of Ha Versus a 

KOK IGAGCUOZLDcvastele) cierenetetene MR ANA SE RAUL RE MAb Le aA PAOD Sty td OOO B25 
1980 Through 1984 Seasonal Joint Distribution of Hn Versus 

T, for Gage 625..+.++++00- Ke ree aeeaee oat ateerees CL ove eee B25 
1980 Through 1984 Monthly Joint Distribution of Han Versus Be 

FoR AGAGet OZ d)sisrerisrerenehele LRp cain digg tS AN Roe See CR Rn CSNY nes a B27 
1980 Through 1984 Persistence of Ho for Gage! G25 iio cieielssercielcvershs B37 

fe) 

1984 Mean, Standard Deviation, and Extreme qa and Be for 

Cape 620: Silvana te BEA IAA Sea AS aL cee init ahs ons ders B42 
1984 Annual Joint Distribution of Ha Versus a for 

Gage O20)naicce alee. Leer ant POA ahere Ae KARE a Ar cota Ss 5 B44 


No. 


B14 


B15 


B16 


B17 


B18 


B19 


B20 


B21 


B22 


B23 


B24 


B25 


B26 


B27 


B28 


B29 


B30 


B31 


Page 

1984 Seasonal Joint Distribution of Ha Versus he for 

Caen 2 Oat ae rcrs iene: cctortr iol ands Shel ctzeecteve, op ticaaie ave mond tsinim mae a thet TEE B44 
1984 Monthly Joint Distribution of Ha Versus oe, for 

Gag eMO2 Oli csratclere io: stoncteieleleycvsi oie Dees eM ee nnn Core es A BOO OCGO6 B46 
1984 Persistence of Han ope LEEV AD MOVANS GS Gb oIOG0 OIG OUD OOD OOO OO areien B54 

oO 

1980 Through 1984 Mean, Standard Deviation, and Extreme 

H and T_ for Gage 620..... slofeteisiotetaleiekeleversione HS6GUODOGDUOOUS B55 

mM, Pp 
1980 Through 1984 Annual Joint Distribution of Ha Versus ue 

Hoe CAA O45 so occ Ga0y CoOUOo OUD OboD DOD UUO ODO OOO RD AA ora EY vee B57 
1980 Through 1984 Seasonal Joint Distribution on Hn Versus 

T, for Gage 620....++eeeeeeeeeeereeees i Selle RN oe sak rad B57 
1980 Through 1984 Monthly Joint Distribution of Hn Versus ie 

fore Gages O2:O)sieicrereatcicleresjere Miifedy a ems e ral Ri ae merece Seat giao B59 
1980 Through 1984 Persistence of Ha for Gage! 620). <<... SQ00OOS B67 

oO 

1984 Mean, Standard Deviation, and Extreme Ha and ae for 

CEES SIG oe, Rete HE Cr ROY 3 lee PRC SENOR DTS ast CRA eee tisk B69 
1984 Annual Joint Distribution of He Versus Ts for 

Gage: OlSte esate osc SAA ney eh A SUD Ste PIL) Ny 6 COE eric cei B71 
1984 Seasonal Joint Distribution of HO Versus . for 

Gag AON nik arch repeat etre sls ot duu tatoce store Maat ate yk tt B71 
1984 Monthly Joint Distribution of Ha Versus Le for 

CERES GRC IR eR SNARE I ORAIATD Feri GON mT NRE Pel ey) Sane IE B73 
1984 Persistence of Han fore Gacew Oil cuiecsie crereleloielelsie esensieteiekereleue ei B81 

fe) 

1980 Through 1984 Mean, Standard Deviation, and Extreme 

H and T LOE GAG CwOMD ister ore cre jelere eis ioe sictanereneraiehelepeneiens sHoiousrehersnoys B82 

m1) P 
1980 Through 1984 Annual Joint Distribution of Ho Versus ue 

for Gage GUS rie tpt Cie, OA eek ehhh ee O RIS seared roam B84 
1980 Through 1984 Seasonal Joint Distribution of Hn Versus 

T, for Gage GS er eee eece SOe EGO BER TY LEO Rete ane cee Ble B84 
1980 Through 1984 Monthly Joint Distribution of Hn Versus x 

FOTNC ACE ODS eral feo cnet clean cere oN eine alo Win aie ieee ieae hoje Mee B86 
1980 Through 1984 Persistence of Hn FOr Gager Ol Oereeressircietel creole B108 


oO 


Zm 
° 


CaoVauEenr | 


LIST OF FIGURES 


ERE VocatLon yma pier o.c) « 61010100 «)o)elerelclo)10/10) elle sieile\ ope lolie} sfieliolisiessienelele ete sie) oXeletsite 
FRF gage locations. ....cccccccccccccecccccssvresscrsssceccscccece 
Quarterly aerial photography flight lines, 1984..........s-seee. 
1984 mean monthly air temperatures......ccccecccccccccercccseecs 
Mean monthly atmospheric PIreSSUTe...scecesecccecsecccsssrccccces 
Mean monthly precipitation..... HODo DODD OOCOODHOC OCOD 600056000000 
Comparison of annual wind roses, 1984 versus 1980-1983.......... 
Seasonaillawand! Mmosesis) LISA rere stele ste crerelelerelolciolelicie shelevolelolorsjcvenslefelslohetels 
Annual and seasonal wind roses, 1980-1984... ....ccecvccvcscsccese 
Annual wave height distributions, 1984..........cccsccccccescees 
Annual wave period distributions, 1984.........sscecccccscervcce 
Wave’ statistics for) gape625)5 OSA acts. 5c sjeleleiellaiciefoiete\ciele ielstelelsver hots 
Wave statistics for wage 620 NOGA ci. crcleieicrsieie o cleicic cieloreielsietererenorohe 
Seasonal wave height distributions for gage 625, 1984........e.. 
Seasonal wave period distributions for gage 625, 1984........... 
Comparison of annual visual wave observation roses, 1984 versus 
19'S MMO BSrrevercrevers e clevciatersvencvevelslonsicnsieterelelohatsherororeye EHOOOCEOSOOOCOO000S 
Seasonal. visual’ wave observatiion roses, 984s. occ cc cc vc cle ce 
Comparison of annual wave height distributions for gage 625..... 
Comparison of January through March wave height distributions 
One fea CYGOBOOCOOOUO COU Sokaleneretelehekohcusicnelelorekercheneteicker okeknetenedekeRotekeKe 
Comparison of annual wave period distributions for gage 625..... 
Wave height distributions, 1980-1984........ceccccccccccncceeces 
Wave period distribution, 1980-1984.......seccceeceees pit'0'010'0:0.0:0°0 
Seasonal wave period distributions for gage 625, 1980-1984...... 
Annual and seasonal wave roses, 1980-1984. ...ccccscescsccccccecee 
Daily surface currents, 1984.....cceccrccccecscecccsccccscercecse 
Monthly mean currents, 1984.....ccccccccccccccccscesesescccccecs 
Comparison of surface currents at the beach 500 m updrift....... 
Comparison of surface currents at the pier midsurf location..... 
Comparison of surface currents at the seaward end of the pier... 
Mean surface currents, 1980-1984. .......ccccccccccccccccccescoes 
Monthly tide and water level statistics, 1978-1984............-- 
Comparison of hourly tide heights and daily high and low water 
level distrabuttonss) 97 9—U9 S4r ie ccs crete stele evelele oleio elec ccelslelelsieleleiel« 
Distribution of hourly tide heights and daily high and low 
Waters Levels 1980198. 4ivefrcicterctersietetehelelovoletotelolele reo ofelole) ehetelehefoheiej here 
Daily sea surface water temperatures, 1984......ccceeccesccceees 
Comparison of mean surface water temperatures.....eereceeccccccs 
Distribution of surface water temperatures, 1980-1984........... 
Daily sea surface water visibility, 1984........sssseeees slejerenelens 
Comparison of mean surface water Visibility........seeecccccceee 
Distribution of surface water visibility, 1980-1984............. 
Daily sea surface water density, 1984. ....ccccccsccccccrcrcvccees 
Comparison of mean sea surface water density... ..ceeccccesccceres 
Distribution of surface water density, 1981-1984........sseseeee 
Permanent trough under the FRF pier....ecccsesecsceccccseccesers 
Time-history of bottom elevations at selected locations under 
the FRE pier.cccccccecccvccsccccccecscsesesesceresssesesseeses 
Profile locations at the FRF...... sheleloliel eveleveleidhel sioheie toner eleleveletellsiclelekete 


No. 


46 
47 
48 
Al 


A2 
Bl 


B2 


B3 


B4 


B5 


B6 
B7 
B8 


B9 
B10 
Bll 


B12 


B13 


B14 


B15 
B16 
B17 
B18 


B19 
B20 


B21 


B22 


B23 


Change in FRF bathymetry between 20 September and 16 October 


1984 caused by Hurricane Josephine.......cccccccccrccccrcccccces 
Sample photographs of the FRF beach taken on 26 November 1984... 
Sample aerial photograph taken 3 October 1984......ccecsescccees 
Waverider 67715-7 predeployment and postdeployment 

calibrations...... SO OODUD DO OGONOG DUNC ODK ODDO ADDON OD ONOD OOD ODOC 
Waverider 66967 calibration for 1 December 1982.......cceseceeee 
Time-history of a and uo KOI SAC CWO? Dersiaretetelaleralaleialelsielerers ilar 

fo) 
1984 mean, standard deviation, and extreme Ha and a for 

ATE OZ Deve cl cvelaisveleresielicicierels cleictclsjcvseloleletelc ajlevelelsl(s Sac APE Ekg ae aN ae 
1984 annual cumulative distribution of Hn for gage 625....... 

° 
1984 seasonal cumulative distribution of A for gage 625..... 
fo) 
1984 monthly cumulative distribution of qa for gage 625...... 
fe) 
1984 annual distribution of ie FO. GAGE O25 rercisiersteraleleleielolevelelereye 
1984 seasonal distribution of . FO Gage O25. cies clciersic/cis/e/ele) oie 
1984 monthly distribution of a fOTMe Agel O25). kyse eve cieiere wie) seis) ovate 
1984 annual and seasonal visual wave observation roses.......... 
1984 monthly visual wave observation TroSeS...ccecccccccccccrcccs 
1980 through 1984 mean, standard deviation, and extreme 

H and T For gage 625 es cneccce elateifellewaile lel cirelisile' evoire)olletel suetiotelievelie 

m, p 
1980 through 1984 annual cumulative distribution of qa for 

PAG EMO Zo) srerevetc ister si ejeneicroralersisisiereile apeuevetoherereictereivekerereralerevcneletere Doerner 
1980 through 1984 seasonal cumulative distribution of Ha for 

PAGS OZ ies a iecsisisi ci sisisisveletere lens Br ololekeraieiareieleliefevercls cfeletel okevousre exslele eerie 
1980 through 1984 monthly cumulative distribution of Ha for 

GaAsemlO25 miclerctaveraiaterclevetelsisiersverelelolciereisveiererele aioiohafefeleleteselexsteleiele S eaaeee 
1980 through 1984 annual distribution of a for gage 625...... 
1980 through 1984 seasonal distribution of a for gage 625.... 
1980 through 1984 monthly distribution of M for gage 625..... 
1980 through 1984 annual and seasonal visual wave observation 

MOSESistaiersiciereiekerenatenereiotereroustoveler atte lcvalcishetevela cierslorrelcleistniclereveletatatclekoioletete 
1980 through 1984 monthly visual wave observation roses.......-- 
Time-history of Ha and a for gage 620...... aloievereleroisioleherererste 

fo) 
1984 mean, standard deviation, and extreme He and T for 

SAT SIOZ Ole rererenaieyerciiotalelelelleleleleloterciiele/oiofetelevevererele/cetele Oe Re taicrd) eves cioRia vals 
1984 annual cumulative distribution of Hn for gage 620....... 

fo) 
1984 seasonal cumulative distribution of A for gage 620..... 


oO 


B28 


B29 


B30 


B31 
B32 
B33 


B34 


1984 monthly cumulative distribution of Hn for gage 620...... 
fe) 
1984 annual distribution of qo LOT WAGE GOZO ees sieveleterenshers So0:c0.0'0 


1984 seasonal distribution of Re FO slaAse: (OZ Oleveseyevercueie cvstel sever suse 


1980 through 1984 mean, standard deviation, and extreme 
H and T LORE AGES (OZ ORraicrerscerel eheleney cronelelsielialererele! olen cliellelie! efiey eke eirelte 
m, 2) 

1980 through 1984 annual cumulative distribution of Ho for 


PATE] LOZ OM ck arelcve role lsishelleielercic sjelekersia)/elejeherelelehavefuie sists laielelelclelelelelelsielcley eles 


PAP G2 OK srersucuicheyelercvete clellsievel oleic enshelolohe) sNojeieve/e)ioksilaliahevetel(olefele versie aietotensiote 
1980 through 1984 annual distribution of * for gage 620...... 


1980 through 1984 seasonal distribution of i for gage 620.... 


Time-history of a and . Fors cage; Oleorier. cra cxlcicierersieleievel si skens 
fo) 
1984 mean, standard deviation, and extreme Hy and for 


PEW (Ms boc. GitlO 66.6.0'01000-0:0:0\0.0:0,0.010:010,0 SOGOGOOUOD ODOC OOOO 0000000 
1984 annual cumulative distribution of ub for gage 615....... 
1984 seasonal cumulative distribution of i for gage 615..... 
1984 monthly cumulative distribution of qa " for gage 615...... 
1984 annual distribution of i for gage 615 SOUGOD OHH SOOO 00'0'O 


1984 seasonal distribution of a FO MAG ew Olloiencrerevaveleleneatereneronsielte 


1980 through 1984 mean, standard deviation, and extreme 
H and) ele Por eapemOlanictsterercicteretcletersisletelsl elevefoleteleieicterslerstenetetals 
Mm Pp 

1980 through 1984 annual cumulative distribution of Ha for 


PEI MDG aiscooddpaobDoUDOOO OD ad GdDCOUCOaDdbOOGDSoObO00000 50066 
TAG emo eesrevetarsieravetelie ete eheicicvetovevonalenctone ore SOOO RKODTOOOOUMOO OO DU dOU at 


PAC SMOM SP rareyeisyclekeloveuchekohcnerelcheheKekenouNolehouercvenelchelciscoKehevenel sokohelcrersisvellheveneter= 
1980 through 1984 annual distribution of he for gage 615...... 


1980 through 1984 seasonal distribution of a for gage 615.... 


Spectra, for, waves > 2) mis, Page WOZ5)e1eayej ces oi cleieifelenaleleiie oleic) slcjeleieterene eleiedete 
FRE, bathymetry, >) January! W984i cictelelelereie slsleierereisicielcloleleieieteheleleleefehe 
ERE, bathymety, 9) February W984i. cvclersiesceieielersielicl isles) orejleieycieieeleiovelelle ie 
FRE, bathymetny,, 2°Aprid L984 iiereielerare olevooislelelelelolejereteteley vedereletsieyetene 50 
FRE bathymetry, 14 May 1984. ....cccccccccccvcccccssevesccsverces 
FRE) bathymetry, 13) June’ 19B4 ey. ee... wec1e 0 ein eieie eleieie.clele ele wleheisi sleleiejeliele 


B56 


B63 


FRF bathymetry, 
FRF bathymetry, 
FRF bathymetry, 
FRF bathymetry, 


Storm data for 
Storm data for 
Storm data for 
Storm data for 
Storm data for 
Storm data for 
Storm data for 
Storm data for 
Storm Data for 
Storm data for 
Storm data for 
Storm data for 
Storm data for 
Storm data for 


OUT aly GISSA rH ON, amen eet cr be WN, ee 


11 August 1984 


20 September 1984.......... 
H6NOctober W984 ce levsrenccieversreie 
FRF bathymetry, 27 November 1984.........0.% 
Tana ry gl Si verersvene ciel sieveverevalovstolensvoreneheteteneholsterel cre letele 
11-15 January 1984.......... 


14-15 February 


WONG a Goan Ge 


23 February 1984.........00.% 
28 February 1984............ 
IWS} Webco) \ IVA ani docboddudboudsduL GouoUGoDOdOoUG 
Sie May mil9'8 4 Marenedscatavstorereker ole teccnoinicreiey ale) oievevetereney erel'sye.'e (cere 
27 September 1984........2.. 


29-30 September 


UO Ba rareveeleiere 


I= 5 fOctober O84 vce acts 6ere 


e@ecoceoeeone ee eee 


oooeee ees eee eee eee eee @ 


e@ocoeoeseeeeceoee ee ee eee eo 


eoceceoeeeee eee eee ee oo 8 


CONVERSION FACTORS, NON-SI TO SI (METRIC) 
UNITS OF MEASUREMENT 


Non-SI units of measurement used in this report can be converted to SI 


(metric) units as follows: 


Multiply By To Obtain 
acres 4,046.873 square metres 
feet 0.3048 metres 
millibars 100.0 pascals 
miles (US statute) 1.609347 kilometres 
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ANNUAL DATA SUMMARY FOR 1984 
CERC FIELD RESEARCH FACILITY 


PART I: INTRODUCTION 


1. The US Army Engineer Waterways Experiment Station (WES) Coastal 
Engineering Research Center's (CERC's) Field Research Facility (FRF) located 
on 176 acres* at Duck, N. C. (Figure 1), consists of a 56l-m-long research 
pier, an accompanying office, and field support buildings. The FRF is near 
the middle of Currituck Spit along a 100-km unbroken stretch of shoreline ex- 
tending south from Rudee Inlet, Va., to Oregon Inlet, N. C. The FRF is bor- 
dered by the Atlantic Ocean to the east and Currituck Sound to the west. The 
Facility is designed to (a) provide a rigid platform from which waves, cur- 
rents, water levels, and bottom elevations can be measured, especially during 
severe storms; (b) provide CERC with field experience and data to complement 
laboratory and analytical studies and numerical models; (c) provide a manned 
field facility for testing new instrumentation; and (d) serve as a permanent 
field base of operations for physical and biological studies of the site and 
adjacent region. 

2. The research pier is a reinforced concrete structure supported on 
0.9-m-diam steel piles spaced 12.2 m apart along the pier's length and 4.6 m 
apart across the width. The piles are embedded approximately 20 m below the 
ocean bottom. The pier deck is 6.1 m wide and extends from behind the dune 
line to about the 6-m water depth contour at a height of 7.8 m above National 
Geodetic Vertical Datum (NGVD). The pilings are protected against sand abra- 
sion by concrete erosion collars and against corrosion by a cathodic system. 

3. An FRF Measurements and Analysis program has been established to 
collect basic oceanographic and meteorological data at the site, reduce and 
analyze these data, and publish the results. 

4. This report is the sixth in a series of annual reports and summa- 
rizes the data collected during 1984. Data for previous years are summarized 
by Miller (1982 and 1984) and Miller, et al. (1985, 1986a, and 1986b). De- 


scriptions of the instrumentation, including sensor calibration and 


* A table of factors for converting non-SI units of measurement to SI 
(metric) units is presented on page 10. 
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maintenance (Part III) and data collection and analysis procedures (Part IV), 
precede reporting of the data (Parts V and VI). Appendix A is a detailed ex- 
planation of how to use the Waverider buoy calibration information to improve 
the accuracy of the wave measurements. Appendix B has extensive wave data, 
Appendix C has bathymetric data, and Appendix D has storm data. Although this 
is intended to be a self-contained document, details for some procedures and 
instrumentation are given in the references. 

5. Future annual reports will be of approximately the same format; 
readers’ comments on the format and usefulness of the data presented are 
encouraged. 

6. In addition to the annual reports, monthly Preliminary Data Summa- 
ries (CERC/FRF 1984) containing the same types of data are available shortly 
after the data are collected from the following address: 


Chief 

CERC Field Research Facility 
SR Box 271 

Kitty Hawk, NC 27949 


7. Although the data collected at the FRF are designed primarily to 
support ongoing CERC research, use of the data by others is encouraged. The 
WES/CERC Coastal Engineering Information and Analysis Center (CEIAC) is re- 
sponsible for storing and disseminating most of the data presented or alluded 
to in this report. All data requests should be in writing and addressed to: 


Commander and Director 

US Army Engineer Waterways Experiment Station 
ATTN: CEIAC 

PO Box 631 

Vicksburg, MS 39180-0631 


Tidal data other than the summaries in this report should be obtained directly 
from the following address: 


NOAA/National Ocean Service 
ATTN: Tide Analysis Branch 
Rockville, MD 20852 


A complete explanation of the exact data desired for specific dates and times 
will expedite filling any request; an explanation of how the data will be used 
will help CEIAC or National Ocean Service (NOS) determine if other relevant 

data are available. For information regarding the availability of data, con- 
tact CEIAC at (601) 634-2017. Costs for collecting, copying, and mailing will 


be borne by the requester. 
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PART II: CLIMATOLOGICAL SUMMARY 


Climate 


8. The FRF enjoys a typical marine climate which moderates the ex- 
tremes of both summer and winter. During the warmest months, July and August, 
the monthly air temperature averaged over 25° C. Correspondingly, ocean water 
surface temperatures tend to be highest during July through September, aver- 
aging over 20° C. Lowest air and water temperatures are during February, 
averaging less than than 8° C and 5° C, respectively. 

9. Precipitation is generally well distributed throughout the year, 
averaging 1,061 mm annually. Frontal precipitation from midlatitude cyclones 
predominates in the winter, and local convection (thunderstorms) accounts for 
most of the summer rainfall. 

10. Winds at the FRF are dominated by tropical maritime air masses 
which create low to moderate, warm southern breezes; arctic and polar air 
masses which produce cold winds from northerly directions; and smaller scale 
cyclonic, low pressure systems, which originate either in the tropics (and 
move north along the coast) or originate inland (and move eastward offshore). 
The dominant wind direction changes with the season, being generally from 
northern directions in the fall and winter and from southern directions in the 
spring and summer. The annual resultant wind direction is from the north- 
northwest. It is common for fall and winter storms (northeasters) to produce 
winds with average speeds in excess of 15 m/sec. Although the portion of the 
North Carolina coast in the vicinity of the FRF experiences a fairly low fre- 
quency of occurrence of direct hurricane strikes (on the average of once every 
42 years), more frequent near-misses can cause high wave conditions at the 


FRF. 
Waves 
11. Wave directions at the FRF, as with winds, are seasonally distrib- 
uted. Waves tend to approach most frequently from north of the pier in the 


fall and winter and south of the pier in the summer, but on an annual basis 


they are approximately evenly distributed between north and south (resultant 


14 


wave direction is almost shore-normal). However, storm waves approach twice 
as frequently from north of the pier. 

12. The annual mean wave height (measured at the seaward end of the FRF 
pier) is 0.9 m, with a standard deviation of 0.6 m. Wave heights in excess of 
2 m can be expected to occur 7 percent of the time, or 600 hr per year. 

13. Wave periods generally vary between 6 and 12 sec with an annual 
mean peak spectral period of 8.8 sec and a standard deviation of 2.8 sec. 

Wave periods tend to be longest during the fall and shortest during the 


summer. 


Nearshore Currents 


14. Surface current speed and direction at the FRF are influenced by 
winds, waves, and, indirectly, by the bottom topography. The extent of the 
respective influence varies daily. However, winds tend to dominate the cur- 
rents at the seaward end of the pier, while waves dominate within the surf 
zone. The effect of the bottom topography is such that, under certain condi- 
tions (e.g., near shore-normal wave angles), rip currents develop which inter- 
rupt the general flow of the alongshore current. A trough located under the 
seaward half of the pier is a preferred location for such currents. Currents 
tend to be southward during fall and winter and northward during spring and 


summer. 


Tides and Water Levels 


15. Ocean tides at the FRF are semidiurnal, with a mean range of 1.0 m. 
The highest water levels generally are associated with strong and persistent 
onshore winds and high waves. Storm surges have resulted in a maximum water 
level of 1.5 m above the NGVD. Water levels in Currituck Sound are wind- 
dominated rather than tidal, being low when winds are northerly and high when 


winds are southerly. 


Bathymetry 


16. Nearshore bathymetry at the FRF is characterized by regular shore- 


parallel contours, a moderate slope, and a barred surf zone (usually an outer 
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storm bar in water depths of about 4.5 m and an inner bar in water depths 
between 1.0 and 2.0 m). This pattern is interrupted in the immediate vicinity 
of the pier where a trough runs under much of the pier's length, ending in a 
scour hole at the pier's seaward end where depths are up to 3.0 m greater than 


the adjacent bottom. 


Sediment Size 


17. Dune sediments are generally composed of medium size sand and are 
moderately to well sorted. On the beach face and the beach step, size dis- 
tribution is primarily bimodal, with a very coarse (1-2 mm) gravel intermixed 
with fine to moderate size sand. Offshore, sediments are well sorted, and 


size decreases with the distance offshore. 
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PART III: INSTRUMENTATION 


18. This part identifies the instruments used for monitoring oceano- 
graphical and meteorological conditions and briefly describes their design, 
operation, and location. More detailed explanations of the instruments may be 
found in Miller (1980). Equipment used for other types of data collection, 
such as the surveying system, are not generally discussed; however, references 


are provided in Part IV. 


Meteorological Instruments 


Air temperature 
19. A Yellow Springs Instrument Company, Inc. (YSI), Yellow Springs, 


Ohio, electronic temperature probe with analog output interfaced to the FRF's 
Data General NOVA-4 computer was operated beside the National Weather Ser- 
vice's (NWS's) meteorological instrument shelter located 43 m behind the dune 
(Figure 2). To ensure proper temperature readings, the probe was installed 

3 m above ground inside a "coolie hat" to shade it from direct sun yet provide 
proper ventilation. 

Maximum/minimum thermometers 

20. Maximum and minimum thermometers housed in the shelter were used to 
determine the daily extreme air temperatures. The shelter was designed with 
louvered sides, a double roof, and a slatted bottom for housing instruments 
requiring protection from direct sunlight. 

21. The actual temperature readings at the time the thermometers were 
read were compared to ensure accuracy of the maximum and minimum values. 
Maintenance consisted of the periodic removal and cleaning of the thermometers 
with soap and water and lubricating the Townsend support used to hold and 
reset the instruments. 

Atmospheric pressure 

22. Atmospheric pressure was measured with a YSI electronic sensor with 
analog output. The sensor was located in the laboratory building at 9m above 
NGVD, and data were recorded on the FRF computer. Data from this sensor were 
compared with a NWS aneroid barometer at least once a week to ensure proper 


operation of the instruments. 
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23. <A recording aneroid sensor (microbarograph) located in the labora- 
tory building was also used to continuously record atmospheric pressure varia- 
tion. The microbarograph was manufactured by Weathertronics Incorporated, 
Sacramento, Calif. 

24. The microbarograph was compared daily with the NWS's aneroid barom- 
eter, and adjustments were made as necessary. Maintenance of the microbaro- 
graph consisted of inking the pen, changing the chart paper, and winding the 
clock every 7 days. During the summer, a meteorologist from the NWS (Norfolk, 
Va.) checked and verified the operation of the barometer. 

Rain gage 

25. A 30-cm weighing rain gage manufactured by the Belfort Instrument 
Company, Baltimore, Md., measured daily precipitation. It was located near 
the instrument shelter 46 m behind the dune. The manufacturer's specifica- 
tions indicated that the instrument accuracy was 0.5 percent for precipitation 
amounts less than 15 cm and 1.0 percent for amounts greater than 15 cm. 

26. A 15-cm-capacity "true check" clear plastic rain gage with a 
0.025-cm resolution, manufactured by the Edwards Manufacturing Company, 
Alberta Lea, Minn., was used to monitor the performance of the weighing rain 
gage. This gage, located near the weighing gage, was checked daily; very few 
discrepancies were identified throughout the year. 

Wind speed and direction 

27. Winds were measured from the top of the laboratory building at an 
elevation of 19.1 m (Figure 2) by using a Skyvane Model W102P anemometer manu- 
factured by the Weather Measure Corporation, Sacramento, Calif. Wind speed 
and direction data were incorporated into the automated data collection and 
analysis program and were also collected continuously on a strip-chart 
recorder. The Weather Measure Corporation specifies an accuracy of 
+0.45 m/sec below 13 m/sec and 3 percent at speeds above 13 m/sec, with a 
threshold of 0.9 m/sec. Wind direction accuracy is +2 deg with a resolution 
of less than 1 deg. The anemometer was calibrated semiannually at the 
National Bureau of Standards in Gaithersburg, Md., and was within the manu- 


facturer's specifications. 
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Wave Gages 


Baylor wave staff gages 


28. Two parallel cable inductance wave gages, manufactured by the 
Baylor Company, Houston, Tex., were mounted on the FRF pier: gage 615 at 
sta 6+20 and gage 625 at sta 19+00 (Figure 2). These gages are rugged and 
reliable, and require little maintenance except to keep tension on the cables 
and to remove any material which may cause an electrical short between them. 
These gages were calibrated prior to installation by creating an electrical 
short between the two cables at known distances along the cable and recording 
the voltage output. Electronic signal conditioning amplifiers are used to en- 
sure that the output signals from the gages are within a O- to 5-V range. 
Gage accuracy is about 1 percent, with a 0.1 percent full-scale resolution; 
full scale is 9.4 m for gage 625 and 8.5 m for gage 615. These gages are sus- 
ceptible to lightning damage, but protective measures have been taken to mini- 
mize such occurrences. A more complete description of the gage's operational 
characteristics is given by Grogg (1986). 
Waverider buoy wave gage 

29. A Waverider buoy gage (620) was located 3 km offshore. This gage 
was manufactured by the Datawell Laboratory of Instrumentation, Haarlem, The 
Netherlands, and measures the vertical acceleration produced by the passage of 
a wave. The signal is double-integrated to produce a displacement signal 
which is transmitted by radio to an onshore receiver. The manufacturer states 
that wave amplitudes are correct to within 3 percent of their actual value for 
wave frequencies between 0.065 and 0.5 Hz (15- to 2-sec wave periods). How- 
ever, calibration curves for one of the two buoys used indicate that the wave 
heights reported in Part V of this report, for wave periods less than 15 sec, 
average about 7 percent less than actual values. For wave periods greater 
than 15 sec, this error increases with wave period. The manufacturer spec-— 
ifies the error can increase to 10 percent for wave periods greater than 
20 sec. Calibration results show errors as large as 15 percent are possible 
for the very long wave periods. The buoys were calibrated without the mooring 
system used during deployment, which may introduce additional errors of un- 
known magnitude. For most engineering applications, a 7 percent error is 
tolerable; however, a correction procedure is described in Appendix A, which 


will allow the calibration error to be improved up to 4 percent. 
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Tide Gage 


30. Water level data were obtained from a NOAA/NOS control tide station 
(No. 865-1370) located at the seaward end of the research pier (Figure 2), by 
using a digital tide gage manufactured by Leupold and Stevens, Inc., 
Beaverton, Oreg. The Leupold-Stevens analog-to-digital recorder is a float- 
activated, negator-spring, counterpoised instrument that mechanically converts 
the vertical motion of a float into a coded, punched paper tape record. The 
below-deck installation at pier sta 19+60 consisted of a 30.5-cm-diam stilling 
well with a 2.5-cm orifice and a 21.6-cm-diam float. 

31. This tide gage was checked daily for proper operation of the punch 
mechanism and for accuracy of the time and water level information. The ac- 
curacy was determined by comparing the gage level reading with a level read 
from a reference electric tape gage. Once a week, a heavy metal rod was 
lowered down the stilling well and through the orifice to ensure free flow of 
water into the well. During the summer months, when biological growth was 
most severe, divers inspected and cleaned the orifice opening as required. 

32. The tide station was inspected quarterly by a NOAA/NOS tide field 
group. The tide gage elevation was checked using existing NOS control posi- 
tions, and the equipment was checked and adjusted as needed. NOS and FRF per- 
sonnel also reviewed procedures for tending the gage and handling the data. 
Any specific comments on the previous months of data were discussed to ensure 


data accuracy. 
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PART IV: DATA COLLECTION AND ANALYSIS 


Data Acquisition System/Digital Data Collection 


33. The primary data acquisition system was a Data General Corporation 
(Westboro, Mass.) NOVA-4 minicomputer located in the FRF laboratory building. 
The backup system consisted of a WICAT Systems Incorporated, Orem, Utah, 

150 WS minicomputer. Signals from the air temperature and atmospheric pres- 
sure sensors, the anemometer, and wage gages were routinely sampled four times 
per second for 20 min every 6 hr beginning at or about 0100, 0700, 1300, and 
1900 hr Eastern Standard Time (EST); these hours correspond to the time that 
the NWS creates daily synoptic weather maps. During storms, hourly data re- 
cordings were made. Prior to collection, each gage signal was first amplified 
and biased to ensure a O0- to 5-V range. 

34. Data were recorded on nine-track magnetic tapes having the follow- 
ing format: first, two header records of information were written, which in- 
clude (a) the sensor identification number; and (b) the date, time, calibra- 
tion, and signal bias factors, followed by 13 records of data for each 20-min 
recording interval. Each data record contained 384 data values in a binary 
format, such that each value represented the computer units corresponding to 
the instantaneous voltage output of the sensor. The above sequence of 
15 records per file was repeated for each sensor and recording interval until 


the data tape was filled, a total of 600 to 700 files per tape. 


Meteorological Data 


Collection 

35. Maximum and minimum temperatures. High and low temperature values 
were read daily directly from the instruments and represent the extreme tem- 
perature values since the last reading. 

36. Microbarograph and rain gage. Each instrument used for monitoring 
the meteorological conditions at the FRF was read and inspected daily. For 
the microbarograph and rain gage with analog chart recording capabilities, 
(a) the pen was zeroed (where applicable); (b) the chart time was checked and 


corrected, if necessary; (c) a daily reading was marked on the chart for 
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reference; (d) the starting and ending chart times were recorded, as neces- 
sary; and (e) new charts were installed when needed. 
Analysis 

37. Air temperature. Mean air temperature was computed four times per 
day from 20-min digital data samples. From these data, monthly and annual 
means were determined. 

38. Monthly and annual mean and extreme highest and lowest daily tem- 
peratures were determined from the daily maximum and minimum thermometer 
values. 

39. Atmospheric pressure. Mean atmospheric pressure was computed four 
times per day from 20-min digital data samples. From these data, monthly and 
annual means were determined. 

40. Wind speed and direction. Mean wind speed and direction were com- 
puted four times per day from 20-min digital data samples. 

41. Annual, seasonal, and monthly joint probability distributions of 
wind speed versus direction were computed. Wind speeds were resolved into 
3-m/sec intervals while the directions were at 22.5-deg intervals; i.e., 
16-point-compass-direction specifications. These distributions are presented 
as wind "roses," such that the length of the petal represents the frequency of 
occurrence of wind blowing from the specified direction and the width of the 
petal is indicative of the speed in 3-m/sec intervals. Resultant directions 


and speeds were also determined by vector-averaging the data. 


Wave Data 


42. Thompson (1977) and Harris (1974) describe the procedure used for 
analyzing and summarizing the digital wave data contained in this report. The 
procedure is based on a Fast Fourier Transform (FFT) spectral analysis of 
4,096 data values (1,024 sec sampled at 4 Hz) for each file processed. 

43. The program computes the first five moments of the distribution of 
sea-surface elevations, then edits the digital data file by checking for 
"jumps" and "spikes" and for data points out of the O- to 5-V range. A jump 
is defined as a data value greater than 2.5 standard deviations from the 
previous data value, while a spike is a data value 5 standard deviations or 
more from the mean. If less than 5 jumps or spikes in a row are found, the 


program linearly interpolates between acceptable data values and replaces the 
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erroneous data values. If more than 5 jumps or spikes in a row or a total of 
100 bad data points for the file are found, the program stops interpolating 
and any further editing. At this point, the program analyzes the data and 
prints a flag indicating there is a problem with the file. If the variance is 
less than 0.001 meh the record is not analyzed. After editing, the first five 
moments of the distribution of sea-surface elevations are again computed. A 
cosine bell data window is applied to increase the resolution for the energy 
spectrum of the file; use of the data window is discussed by Harris (1974). 
After application of the data window, the program computes the variance spec- 
trum (proportional to energy spectrum) using the FFT procedure. After the 
data files are analyzed, the results are eliminated for files that were 
flagged as bad or appear inconsistent with simultaneous observations from 
nearby gage sites. Frequently, the spectrum and/or distribution function of 
sea-surface elevations are examined to determine if the data are acceptable. 
After the analysis results are edited, monthly summaries of wave heights and 
periods are generated. 

44, Unless otherwise specified, "wave height" in this report refers to 


the energy-based parameter Ha (defined as four times the standard deviation 
fo) 
of the sea-surface elevations). 


45. The wave period a is defined as the period associated with the 
maximum energy in the spectrum. This is resolved by partitioning the spectrum 
into frequency bands of equal width and determining the band with the maximum 
energy density. The period reported is the reciprocal of the center frequency 
(e.g.5 c = 1/frequency) of the spectral band. Since the spectral bands are 
of equal frequency width, namely 0.010742 Hz (e.g., 11/1,024 sec), the analy- 
sis provides uniform resolution in frequency. However, the resolution in 
period is not uniform since the period intervals become larger for lower fre- 
quencies. Because of the convention of reporting the period at the center of 
the interval in combination with the varying width of the period intervals, 
only a discrete set of period values was possible (Table 1). The wave periods 
used in this report have been rounded to the nearest second before summariza- 
tion. Complete information about the energy contained in all frequency bands 
can best be obtained by inspecting the full spectrum, examples of which are 


included in Appendix B for gage 625 during storm wave conditions. 
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Table 1 
Spectral Band and Peak Period Specifications 


Corresponding Period Associated 
Upper Limit Period, Lower with Center Periods Not 
Band of Frequency Limit of Band Frequency of Band Reported 
Number Band, Hz sec sec sec 

6 0.064 15.52 17 LS) 
7 0.075 13530 14 13 

8 0.086 11.64 12 

9 0.097 10.34 11 

10 0.107 oo 10 

ll 0.118 8.46 9 

12 0.129 7.76 8 

13 0.140 7.16 7 

14 0.150 6.65 7 

15 0.161 6.21 6 

16 0.172 5.82 6 

17 0.183 5.48 6 

18 0.193 By 17; 5 

19 0.204 4.90 5) 

etc 
Water Level Data 
Collection 


46. The water level information was obtained from a NOS tide gage which 
produced a digital paper tape of instantaneous water levels sampled continu- 
ously at 6-min intervals. At the end of each month, the paper tape was re- 
moved from the recorder and mailed to NOS in Rockville, Md., for analysis. 
Analysis 

47. The digital paper tape records of tide heights taken every 6 min 
were analyzed by the Tide Analysis Branch of NOS. An interpreter created a 
digital magnetic computer tape from the punch paper tape, which was then pro- 
cessed on a large computer. First, a listing of the instantaneous tidal 
height values was created for visual inspection. If errors were encountered, 
a computer program was used to fill in or recreate bad or missing data using 
correct values from the nearest NOS tide station and accounting for known time 


lags and elevation anomalies. The data were plotted and a new listing was 
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generated and rechecked. When the validity of the data had been confirmed, 
monthly tabulations of daily highs and lows, hourly heights (instantaneous 
height selected on the hour), and various extreme and/or mean water level sta- 
tistics were computed. The monthly or annual mean sea level (msl) reported is 
the average of the hourly heights, while the mean tide level is midway between 
mean high water and mean low water which are the averages of the daily high 


and low water levels, respectively. 


Visual Observations 


48. Daily visual observations were made near 0700 hr to supplement in- 
strumented data collection. These included observations of surface current 
speed and direction at (a) the seaward end of the pier, (b) the midsurf posi- 
tion on the pier, and (c) the beach 500 m updrift of the pier. Surface cur- 
rents were determined by observing the movement of dye on the water surface. 

49, Also measured were wave approach angles at the seaward end of the 
pier, breaker angle, and breaker type nearshore. Wave direction was also 
determined using a Raytheon Mariner's Pathfinder radar, manufactured by the 
Raytheon Marine Company, Manchester, N. H., mounted on the roof of the FRF 
building; use of this system for measuring ocean waves is explained by Mattie 


and Harris (1978). 


Bathymetric and Pier Surveys 


Collection 

50. Profiles were obtained monthly and after storms by using the 
Coastal Research Amphibious Buggy (CRAB), a 10.7-m-tall amphibious tripod, and 
a Zeiss Elta-2 total station surveying system described by Birkemeier and 
Mason (1984). Each profile extended seaward from the baseline behind the dune 
to a water depth of about 10 m, within 0.6 km north and south of the FRF pier. 
Their locations are shown in Figure Cl. The survey accuracy was about +3 cm 
horizontally and vertically. Monthly soundings along both sides of the FRF 
pier were also collected by lowering a weighted measuring tape to the bottom 
and recording the distance below the pier deck. Soundings were taken midway 


between the pier pilings to minimize errors caused by scour near the pilings. 
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Analysis 


51. The pier, beach, nearshore, and offshore data were reduced to posi- 
tion (X, Y) and depth (Z) triplets relative to established monumentation and 
NGVD, respectively. The data were listed, and a display of the profiles (i.e. 
distance along the range versus elevation) was generated for visual inspec- 
tion. After the data were edited, another set of routines was used to compute 
contour diagrams of the bottom topography and time sequences of bottom eleva- 


tions at selected locations along the pier. 


Photographic Data 


Aerial 

52. Aerial photography was taken quarterly by using a 9-in.-negative 
format mapping aerial camera capable of producing black/white and color 
photography at a scale of 1:12,000. All coverage was at least 60 percent 
overlap, with flights flown as close as possible to low tide between 1000 and 
1400 hr with less than 10 percent cloud cover. 

53. The photographs obtained on 1 February, 11 April, and 3 October 
included flight lines 2 and 3 (Figure 3), while those obtained on 7 September 
also included coverage from Cape Henry, Va., to Cape Hatteras, N. C. (flight 
line 1). 

54. Daily color slides of the beach were taken using a 35mm camera from 
the same location on the pier looking north and south. The location from 
which each picture was taken as well as the date, time, and a brief descrip- 
tion of the picture were marked on the slides. An inventory was also 


maintained. 
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Figure 3. Quarterly aerial photography flight lines, 1984 
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PART V: DATA AVAILABILITY AND RESULTS 


55. Table 2 is intended as a quick reference guide to show the dates 
for which various types of data are available. Wave gage histories which may 
explain major gaps in the data are provided in Appendix B. This part provides 
results of the weather, wave, surface current, tidal, water characteristics, 
survey, and photographic measurements made during the year. Although this 
report is intended to provide basic data for analysis by users, many of the 
daily observations have been summarized by month, season, or year to aid in 
interpretation. Daily observations have been reported in the 1984 series of 
monthly Preliminary Data Summaries. If individual data are needed, the user 
can obtain the detailed information by following the procedures described in 


Part I (paragraphs 6 and 7). 


Table 2 
1984 Data Availability 
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Meteorology 


56. This section summarizes the meteorological measurements made at the 
FRF in 1984. A discussion of the data and a comparison with previous years 
are also presented. Appendix D contains atmospheric pressure, wind speed and 
wind direction values during storm conditions. 
Air temperature 

57. The annual mean temperature for 1984 (based on four observations 
per day) was 15.4° C with a 3.7° C standard deviation. Monthly mean tempera- 
tures are shown in Table 3 and Figure 4. The marine climate at the FRF 
moderates the extremes of both summer and winter. Summer temperatures were 
relatively consistent with monthly averages near 25° C and low standard devia- 
tions. During December through February, although infrequent, freezing tem- 
peratures can be expected at the FRF. Large daily air temperature variations 
were observed in the spring and fall caused primarily by the effect of 
onshore/offshore winds and the temperature difference between the ocean and 
land. 

58. A very cold January (see Figure 4) was a major reason the annual 


average air temperature was 0.7° C lower than in 1983. 


Table 3 
Monthly Mean Air Temperature and Atmospheric Pressure Statistics 


Air Temperature Atmospheric Pressure 
Month 1984 1983 1983 and 1984 1984 1983 1983 and 1984 
Jan 3\53) 9.3 Oe 1020.8 1017.6 1019.2 
Feb USL 6.9 Poul 1015.9 OMS 5 1015.7 
Mar UA? 10.5 8.9 1014.2 1010.0 1012.1 
Apr WAST NSye3} 13.1 1012.8 1013.1 1012.9 
May eye IL 18.9 19.0 1015.8 1016.9 1016.4 
Jun 23/20 D302. 23704 1016.2 1016.5 1016.3 
Jul 25ie3 26.8 26.1 1017.0 1016.8 1016.9 
Aug 25.4 25.8 25.6 1015.2 1016.7 1016.0 
Sep 7315} 19.4 20.3 1018.6 1018.3 1018.4 
Oct ilfe}e 72 Liisi! 17.9 1020.4 1020.4 1020.4 
Nov bbe 72 L256 11.9 1020.4 1015.4 1017.9 
Dec 10.6 e772 9.4 1021.1 1020.4 1020.8 
Annual L554 Gey: 5 a 1017.4 1016.5 1016.9 
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Figure 4. 1984 mean monthly air temperatures 


Atmospheric pressure 

59. The mean annual atmospheric pressure for 1984 was 1017.4 mb with an 
associated 6.2-mb standard deviation. There was a tendency for low pressures 
to develop during March and April and high pressures to form in January and 
then again during September through December (Figure 5 and Table 3). 

60. In comparison with the only prior year of measurements, taken every 
6 hr, the annual mean was 0.9 mb above that for 1983. 
Precipitation 

61. Precipitation was low during 1984 with June and October-December 
having the lowest monthly totals (under 30 mm) measured since 1978 (Figure 6 
and Table 4). A total of 938 mm was received during the year for a monthly 
mean of 78 mm. 

62. In prior years, the monthly mean was 91 mm (14 percent higher than 
during 1984). As seen in Figure 6, climatology shows a relatively even dis- 


tribution of precipitation; however, 1984 had a wet summer (177 mm in August) 
and a dry fall. 
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Figure 5. Mean monthly atmospheric pressure 
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Figure 6. Mean monthly precipitation 
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Table 4 
Precipitation Statistics 


Total Mean 1978-1984 Extremes 

Month 1984, mm 1978-1983, mm Maxima, mm Minima, mm 
Jan 70 100 180 45 
Feb 71 90 127 46 
Mar 84 102 168 48 
Apr 111 111 182 46 
May 86 88 239 39 
Jun 27 90 130 27 (1984) 
Jul 123 82 200 19 
Aug 177 84 220 36 
Sep 115 89 160 5 
Oct 20 64 108 20 (1984) 
Nov 26 93 130 26 (1984) 
Dec 28 97 131 28 (1984) 
Annual 938 1,090 
Monthly avg. 78 91 


Winds 

63. Since local winds frequently control nearshore currents and wave 
conditions, an understanding of the wind and wave climate at any coastal loca- 
tion is important to most studies of hydrodynamic and sedimentary processes. 

64. Present year. The distribution of winds during 1984 is shown in 
Figure 7. Winds blew from north through northeast directions 27.2 percent of 
the time and from south-southwest through west-southwest 27.6 percent, and all 
the other directions 3 to 6 percent each during the year. The resultant wind 
speed and direction was 0.9 m/sec from 19 deg west of true north (Table 5) ire 
Wind speeds exceeded 10 m/sec 8 percent of the time (over 700 hr); during more 
than 6 out of every 10 of these times the winds blew from north-northeast. 

65. Wind distributions changed with the season (Figure 8) such that 
during January through March, 32.5 percent blew from north through northeast 
and 9 percent blew from the west. During this season, the wind speed exceeded 
10 m/sec over 11 percent of the time. The resultant magnitude and direction 


was 1.7 m/sec and 347 deg, respectively. 
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Table 5 


Resultant Wind Speed and Directions Relative to True North 
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Seasonal wind roses, 1984 


66. During April through June, the winds were low, exceeding 10 m/sec 
only 3.4 percent of the time. Just under 38 percent of the winds were 
directed from south-southwest through west-southwest. The resultant speed 
during this season was 1.1 m/sec, and the direction was 233 deg. 

67. The winds during July through September were bidirectional, with 
22.7 percent of the winds blowing from north-northeast through northeast and 
22.7 percent from southwest through west-southwest. The resultant speed was 
0.7 m/sec, while the resultant direction was 29 deg, indicating that north- 
easterly winds occurred more often. For 6.8 percent of the winds, the speed 
exceeded 10 m/sec. 

68. The winds were also mixed during October through December, with 
32.6 percent blowing from north through northeast and 27.3 percent from south- 
southwest through west-southwest. Wind speeds exceeded 10 m/sec 10.4 percent 
of the time. 

69. Present versus past years. The winds for 1984 were near climatol- 
ogy. Climatology as used here refers to the accumulation of information from 
prior years. There was a slight tendency for fewer north-northwest and east- 
northeast winds with a correspondingly greater tendency for winds from south- 
west and west. Wind speeds exceeded 10 m/sec 2 percent (175 hr) more often 
than climatology. The tendency was for winds during 1984 to exceed 10 m/sec 
more often during January through March and less often during October through 
December. January through March winds were near climatology. During April 
through June there were more westerly winds, while during July through Septem- 
ber the winds were more easterly. During October through December, there were 
more winds from southwest and less from north-northwest and northwest. 

70. Combination of all years. Annual and seasonal distributions of 
winds for the combined years 1980 through 1984 are presented in Figure 9. Of 
the 6,672 observations, over 9.5 percent exceeded 10 m/sec. For those speeds 
in excess of 10 m/sec, 40 percent occurred during October through December and 
34 percent during January through March. During January through March the 
winds are most often from north-northwest through east-northeast with few from 
east through south. April through June, the winds are predominantly west- 
southwest through south-southwest with some northeast; July through September 
winds are bimodal in the northeast and southwest quadrants. The October 
through December period has very few east through south winds; however, the 


winds are distributed over all other directions. 
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Waves 


71. This section presents summaries of the wave data. A review of the 
wave conditions during 1984 and a comparison to previous years are followed by 
a discussion of the wave climate for 1980 through 1984. Appendix B contains 
summaries for each gage which include height and period distributions, wave 
direction distributions, persistence tables and wave spectra for gage 625 
during storm conditions. A discussion of individual major storms is given in 
Part VI, and Appendix D contains hourly wave data for times when the heights 


Ha exceeded 2 m at the seaward end of the FRF pier. 
fo) 


Present data year 

72. Spatial variation. The distribution of wave heights for all three 
gages operated during the year is shown in Figure 10. For a given frequency 
of occurrence, wave heights were highest at the gage located 3 km from shore 
(gage 620), second at the pier end (gage 625), and lowest at the landward end 
of the pier (gage 615). This pattern of variation (decrease of wave height 
with depth) is consistent with previous years' data. Refraction, bottom fric- 
tion, and wave breaking contribute to the observed differences in height. 

Wave height statistics for the staff gage (615) located at the landward end of 
the pier in shallow water were considerably different than the other gages. 

In all but the very calmest conditions, this gage is within the breaker zone. 

Consequently, these statistics represent a lower energy wave climate in which 

the annual mean height is more than 20 percent less than at the seaward end of 
the pier. 

73. The distributions of wave periods for all of the gages are shown in 
Figure 11. Although the distributions of wave periods for gages 625 and 620 
were similar, there was a tendency for gage 625 to have higher frequencies of 
wave periods longer than 9 sec and fewer wave periods shorter than 9 sec. 

Gage 615 had a higher occurrence of wave periods 6 sec and less, primarily 
caused by waves that frequently break seaward of the gage. This pattern of 
variation between gages is consistent with data from the previous years. 

74, Temporal variation. Temporal height and period trends for gage 625 
and 620 are shown in Figures 12 and 13, respectively, and are consistent with 


those for gage 615. Seasonal wave height distribution variations as shown for 
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Figure 11. 
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Figure 12. Wave statistics for gage 625, 1984 
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Figure 13. Wave statistics for gage 620, 1984 
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gage 625 in Figure 14 were similar for all gages; waves were most severe dur- 
ing fall and winter. Seasonal wave period distributions (Figure 15) were also 
similar for all gages. In general, the tendency was for a high proportion of 
wave periods at 10 and 11 sec during January through June; 8- and 9-sec 
periods during July through September; and 10 sec or longer from October 
through December. 

75. The distribution of wave directions for the year, based on visual 
observations (Figure 16), revealed that waves approached the north side of the 
pier 35 percent of the time, from the south 61 percent, and approximately 
shore-normal 4 percent. However, when wave heights exceeded 2 m at the sea- 
ward end of the pier, the waves approached three out of every four times from 
the north side and the other times the waves approached from near shore-normal. 

76. Seasonal variation of wave direction is shown in Figure 17. Wave 
directions were bimodal during January through March, approaching from north 
and south of the pier almost equally. The waves were predominantly from the 
south side during the rest of the year despite frequent northerly waves during 
August and September and shore-normal waves in September and October 
(Table 6). 

Present versus past years 

77. Based on the data from gage 625, the wave conditions during 1984 
were mild in comparison with prior years (Figure 18). The frequency of wave 
heights above the annual mean was the lowest of any year since 1980. In par- 
ticular, February and March were much less severe than prior years (Fig- 
ure 19). Wave periods were generally longer throughout the year (Figure 20), 
with higher occurrences of 10- and 1ll-sec periods measured. 

78. The wave directions for the year were from south of the pier 9 per- 
cent more often than during prior years (Figure 16). The resultant wave 
height and angle were 0.8 m and 73.6 deg, respectively, while for 1980 through 
1983 the wave height and angle were 0.8 m and 66.5 deg (the pier is aligned at 
70 deg). However, during storms ( Ha > 2m) all of the wave approach angles 
were from the north or shore-normal. 2 
All years combined 

79. The 5 years of data from 1980 through 1984 provide the most com- 
plete description of the wave climate at the FRF. The annual and seasonal 
height distributions for the gage at the seaward end of the research pier are 


presented in Figure 21. Ten percent of the wave heights exceed 1.8 m and 
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Seasonal wave period distributions 
for gage 625, 1984 


Figure 15. 
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Table 6 
Resultant Wave Height and Directions 


1980-1983 
Direction 


Height, m deg True N 


Annual 
0.8 67 
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hes 65 
OM? 76 
0.6 7a 
1.0 61 

Monthly 
0.9 54 
ean 65 
iba! 67 
0.7 70 
0.7 78 
0.6 81 
0.4 73 
0.6 71 
0.8 68 
iA 64 
1.0 58 
0.9 61 
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Figure 19. Comparison of January through March wave 
height distributions for gage 625 
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1 percent exceed 2.8 m; at the offshore (3 km) Waverider, 10 and 1 percent 
correspond to 1.9 m and 3.0 m, respectively. The highest waves occur from 
October to March and the lowest waves occur from April to June. 

80. The distribution of wave periods is presented in Figure 22. Peri- 
ods of 9 and 10 sec have been measured approximately 14 percent each; 6- and 
7-sec periods 12 to 13 percent each; while 8-, 1l-, and 12-sec periods occur 
10 percent each. Seasonal distribution of wave period is shown in Figure 23. 
During winter and fall wave periods 10 sec or longer tend to occur most often. 
The joint distribution of wave height versus period for gages 625 and 620 is 
shown in Table 7. Each distribution is based on over 6,022 observations. The 
values presented can be converted to percent by dividing by 10. Higher waves 
are generally associated with longer wave periods. 

81. Annual and seasonal wave direction distributions for the combined 
years are shown in Figure 24, Although 42 percent of the waves approach from 
the north, 4 percent shore-normal, and 54 percent from south of the pier, the 
annual resultant direction is 67.9 deg, slightly north of the pier orienta- 
tion. This is due to the relative influence the highest waves have on the 
computation of the resultant; for storm conditions, 59 percent approach from 
the north, 11 percent approach from shore-normal, and only 30 percent approach 


from the south. 


Currents 


82. In this section, the results of daily surface longshore current 
measurements are presented. Figure 25 shows the 1984 measurements at the 
beach, pier midsurf, and pier end locations. Since the relative influences of 
the winds and waves vary with position from shore, the current speeds and, to 
some extent, direction vary at the three current measurement locations. Mag- 
nitudes generally are the largest at the midsurf location and lowest at the 
end of the pier. However, annual mean currents (Table 8 and Figure 26) were 
directed southward at 5 cm/sec at the midsurf location, 4 cm/sec at the beach 
location, and 16 cm/sec at the seaward end of the pier. Despite frequent re- 
versals, the mean monthly currents were generally directed southward during 
fall and winter and northward during May through August. This seasonality of 


currents was consistent with wind and wave patterns previously discussed. 
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Joint Distribution of Wave Height Versus Period, 1980-1984 


Gage 625 


ANNUAL 
PERCENT OCCURRENCE(X10) OF WEIGHT AND PERIOD 
HEIGHT (NETERS) PERION{SECONDS) TOTAL 


120= 320-) $:0>550-76.0-1 7 O= ene Orang Cm Lt eC=. yal 0 12.0- 14.0- 17.05 
2.9 11329 4.955 .95b9  79r 89, 929 10.9 1h 8 13.9 16.9 LONGER 


0.00 - .49 - i 2 4 9 1¥ 24 36 29 123 20 18 2 177 
50 - .99 5 SS 2b: WIR Steere dScn Sa ea!) Ab.) ON 22ers iba 
1.00 - 1.49 gles. NUS) eS eae heh 20a ISU MNIE 528) 20-200) She ae 208 
1.50 - 1.99 d ; C h) 19 15 I 6 e eg 12 6 1 85 
2.00 - 2.49 2 0 ° ° 3 5 3 4 4 3 7 6 A 7 
2.50 io 2.99 co) ° ° ° 5 2 2 2 2 2 5 3 % 18 
3.00 a 3.49 . ° e ° ° ° ° ° 1 1 1 1 e 4 
3.50 - 3.99 : ' 3 é : d F : C . a 0 
4.00 - 4.49 e se e e s ° e s . s es 0 
4.50 - 4.98 . b : ; 4 4 6 z is 0 
5.00.- GPESTER : . . . . ° : ° : 0 
TOTAL 6 3 70 «$25 «185 «6100 «139 182 98 9 él eg 
Gage 620 


PERCENT OCCURSENCExIO) DF HEIGHT AND PERIOD 
HE IGHT( METERS) PERIOD{ SECONDS) TOTAL 


Te 0-3 0a 40 5.Can 6-050 CoO Opi Orie Cruel lis. Ve 12.0- 14.0- 17.0- 
29° 29.9 4.8 5.9 6.9 7.9 8.9 9.9 10.9 11.9 13.9 18.9 LONGER 


0.00 - .49 1 i 2 B) Bearers 32.18 DS) 0 | 137 

RS eh) 2 Cp a OG Be Pa SY ZR ehh CR 700 aly 3 464 
1.00 - 1.49 q . OF 33rd? ecole BR eis 72700 28S 39 4 1 231 
1250) =51.97 ° ° : Sie 27 eels 6 bee 10 6 12 s) | 94 
2.00 - 2.49 ° ° | 8 9 q 5) SY NY 6 4 : 46 
Tle hI . : ° : | 4 i 2 2 2 3 | 5 16 
3.00 - 3.49 : : 0 . i | 1 1 1 . c K) 
3.50 - 3.99 . c . 1 1 i . | . § 
4. a 4.49 ° ° ° ° ° ° . ro) 1 ° 1 
4,50 a 4.99 ° . ° ° ° ° ° ° 0 
5.00 - GREATES . . : . : : . : < 3 2 5 0 

TOTAL 3 Qi aBh as O 00g a P20 re 1 Okt serene) mOsm rO nee c 6 


52 


197.5 


ANNUAL 
RESULTANT 
HEIGHT 0.8 m 
DIRECTION 68 DEG 


12.5 


JAN - MAR 


RESULTANT 
HEIGHT 1.0m 
DIRECTION 63 DEG 


45.0 


a ¥ 67.5 
4, 


135.0 


APR - JUN 


RESULTANT 
HEIGHT 0.6m 
DIRECTION 78 DEG 


HEIGHT, m 


= Nn Ww Pu 
OF .OMter so, O27 10 


FREQUENCY, PERCENT 


45.0 


112.5 
135.0 
157.5 

JUL - SEP 
RESULTANT 
HEIGHT 0.6m 
DIRECTION 72 DEG 

337.5) eee oco nr 22!5 
45.0 
67.5 


112.5 


135.0 


OCT - DEC 


RESULTANT 
HEIGHT 1.0m 
DIRECTION 63 DEG 


Figure 24. Annual and seasonal wave roses, 1980-1984 


BEACH (SOOM UP DRIFT) 


a. Beach (500 m 
updrift) 


CURRENT SPEED, CH/SEC 


Vie Fae ne tb ea eh aa & 


PIER SURF 


i 
| 


pi.) mal | 


be oePierwsunt 


> i) | Se, | > ce 2 | | 24 
HONTH 


PIER END 


Ay Bi PB c. Pier end 


CURRENT SPEED, CH/SEC 


~NS eh Basen weds bebaas 
83 


Figure 25. Daily surface currents, 1984 
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Table 8 
Annual and Monthly Longshore Surface Currents at the FRF* 


Beach, cm/sec Pier Midsurf, cm/sec Pier End, cm/sec 
1981- 1981- 1980- 1980- 1980- 1980- 
Month 1984 1983 1984 1984 1983 1984 1984 1983 1984 
Jan 15 iL7/ 17 19 D2. 72\\ 33 20 23 
Feb 3 12 10 -13 10 5 8 26 22 
Mar 37 9 16 37 4 ial 28 26 26 
Apr 2 4 4 8 -5 -2 16 10 ll 
May 6 53 =, 4 S10) -10 6 8 8 
Jun 1 -10 -7 -14 -17 -16 5 6 6 
Jul -16 -16 -16 -31 -21 -23 0 4 3 
Aug -12 -9 -10 -5 -14 -12 25 7 11 
Sep 12 -l 2 17 -4 0 17 13 14 
Oct 1 6 5 18 10 12 18 12. 13 
Nov 10 13 12 24 11 14 23 12 14 
Dec 3 10 8 3 19 16 13 11 11 
Annual 4 3 3 5 0 1 16 12 13 
* + = southward; - = northward. 
2 
WORTHHARD 
~<3 + 64 PIER END 
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Figure 26. Monthly mean currents, 1984 
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1984 versus previous years 
83. Mean midsurf position currents were consistent with prior years 


with the exception of February and September (Figures 27-29). The pier end 
currents were consistently southward as during prior years. Anomalous south- 
erly winds and mild southerly waves during February were responsible for the 
spring type currents during the month. Persistent northerly winds and waves 
during March resulted in the high means for the month. Likewise, persistent 
northerly winds and waves caused the current reversal during September. 
All years combined 

84. All locations show consistent temporal variations and distinct spa- 
tial differences in both magnitude and direction (Figure 30). Near zero an- 
nual means (Table 8) for both locations within the surf zone reflect the sea- 
sonal variations and frequent reversals caused by the varying wind and wave 
conditions at the FRF. These contrast with the consistently southward monthly 


mean currents at the pier end. 
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Figure 27. Comparison of surface currents at the 
beach 500 m updrift 
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Figure 28. Comparison of surface currents at the 
pier midsurf location 
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Figure 29. Comparison of surface currents at the 
seaward end of the pier 
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Figure 30. Mean surface currents, 1980-1984 


Tides and Water Levels 


85. Water level variations caused by astronomical and meteorological 
forces are discussed in this section. Results for 1984 are followed by a com- 
parison with previous data. All tidal heights are referenced to NGVD unless 
otherwise stated. 

Present data year 

86. Tide height statistics for 1984 are presented in Table 9. Tides at 
the FRF are semidiurnal with both daily high and low tides approximately 
equal. The annual mean range was 97 cm while msl was 16 cm above NGVD. The 
highest water level, 147 cm, for the year was measured on 14 October during 
the passage of Hurricane Josephine when waves in excess of 3.2 m were measured 
at the seaward end of the pier (Part VI). This extreme was within a few 
centimetres of the highest water level measured since 1978. 

1984 versus past years 

87. Although the 1984 msl was 5 cm above the annual average for 1979 
through 1983, it was lower than the 1983 mean of 19 cm (Table 9 and Fig- 
ure 31). In Figure 32 the distribution of daily high, daily low, and hourly 


58 


Table 9 
1984 Mean Tide Height Statistics* 


Month Mean Mean Mean Mean 


or High Tide Sea Low Mean Extreme 

Year Water Level Level Water Range _ High Date 
Jan 64 16 16 -32 96 119 19 
Feb 56 7 8 -41 98 108 18 
Mar 64 5 16 -33 97 105 29 
Apr 71 23 24 -25 96 123 15 
May 55 6 6 -43 98 102 31 
Jun 57 9 9 -39 96 100 1 
Jul 53 4 4 -45 98 100 29 
Aug 70 21 21 -28 98 107 25 
Sep 77 28 29 -21 98 129 27 
Oct 78 30 30 -18 96 147 14 
Nov 72 24 24 -23 95 110 23 
Dec 56 9 9 -38 94 99 23 
1984 64 16 16 -32 97 147 Oct 
1979- 61 10 11 -40 101 149 Nov 1981 
1983 

1983 68 19 19 -30 98 143 Jan 
1982 58 8 9 -42 99 127 Oct 
1981 59 8 9 -42 101 149 Nov 
1980 59 8 8 -43 102 118 Mar 
1979 60 9 9 -43 103 21 Feb 


* Measurements are in centimetres. 


59 


Extreme 


Low 


-69 
-66 


-77 
-119 


-73 
-108 
-110 
-119 

=95 


Jul 
Mar 1981 


Mar 
Feb 
Apr 
Mar 


Sep 


WATER LEVEL (CM) 


WATER LEVEL, CM 


8 


pre Nanl fs af walt Ahan i" 


LW 


SeaeebsesesoscheusHBsssssugs 


JJASOND JFMAMJJASOND JFMAMJJASOND JFHAMJJASOND JFMAM JJASONO JFMAMJJASOND JFMAMJJASOND 
1978 1979 1960 1981 1982 1983 1984 


MONTH 
Figure 31. Monthly tide and water level statistics, 1978-1984 
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Figure 32. Comparison of hourly tide heights and daily high 
and low water level distributions, 1979-1984 
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tidal heights for 1984 and prior years is presented for comparison. The 
curves show the effect of the 5-cm mean variation and the tendency for the 
daily lows to be somewhat higher than for prior years. 
All years combined 

88. Based on the distribution of the tide heights for 1980-1984 (Fig- 
ure 33), the tide can be expected to exceed 110 cm for 0.28 percent of the 
time (25 hr). Likewise, the heights can be expected to be less than -80 cm 
for 0.23 percent of the time (20 hr). 
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Figure 33. Distribution of hourly tide heights and daily high 
and low water levels, 1980-1984 


Water Characteristics 


89. The results of daily measurements of surface water temperature, 
visibility, and density are presented in this section. The summaries repre- 
sent single observations made near 0700 EST and, therefore, may not reflect 
daily average conditions since such characteristics can change rapidly within 
a 24-hr period. A discussion of data collected in 1984 is followed by a com- 


parison with previous years. 
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Water temperature 
90. Present year. Daily sea surface water temperatures at the seaward 


end of the FRF pier (Figure 34) experienced large variations during May through 
July. Large variations were common when there were large differences between 
the air and water temperature and the wind direction varied. For example, 

very high water temperatures were measured from 20 through 23 June. This was 
caused by air temperatures in excess of 31° C that heated the surface water 
prior to persistent onshore winds that piled up warm surface water along the 
shoreline. When the winds were offshore, the colder bottom water circulated 

up resulting in low temperatures. Monthly mean temperatures (Table 10) varied 
with the air temperatures (see Table 3) with approximately a l-month lag. 

91. 1984 versus prior years. Although the site experienced a cold 
January, cool July, and warm August, the water temperatures during other 
months of the year were similar to prior years (Figure 35). 

92. All years combined. The distribution of surface water temperatures 
for all years combined is shown in Figure 36. Temperatures in excess of 25° C 
can be expected 4.7 percent of the time (or 17 days per year), while tempera- 


tures below 4° C can be expected 21 days per year. 
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Figure 34. Daily sea surface water temperatures, 1984 
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Table 10 
Mean Surface Water Characteristics Measured at the Seaward 


End of the FRF Pier 


Temperature, °C Visibility, m Density, g/cm 

1980- 1980- 1980- 1980- 1980- 1980- 
Month 1984 1983 1984 1984 1983 1984 1984 1983 1984 
Jan 356 Bes! 5.0 10 bos) 12. 1p O2MT'5 T0245) “20238 
Feb 53 4.4 4.6 sD 1.4 fies 10226 1AO2Z4) s1023)7 
Mar 6.8 6.2 6.3 8 12 Ibe es 10224 LAO23 62 850233 
Apr 10.5 10.5 ORS ere Delt De 1.0192 Le0243) ) 10231 
May NSIS} 15.2 14.8 Dil: Dias) Ides O27. 102357 920230 
Jun 18.6 19.6 19.4 3710 iD B3r10 1.0215 TPAO2Z TS e025 
Jul 18.3 223 2155 353 By aio} So 1.0239 10212 al 02419 
Aug Dae 22S 23.0 Bre 2.9 By G00) 1.0179 L026 10207 
Sep 223 Doel 226 ib 0} 19 1.9 1.0205 O26) el O2t3 
Oct LOE Il 18.7 18.8 0.9 Le eek 1.0216 T0224) 20222: 
Nov 14.3 13.9 14.0 0.6 10 0.9 1.0230 1023'6) el023'5 
Dec iC) e7. 10.0 SS) lb A0) Waal T0237, 1.0241 1.0240 
Annual 14.1 14.2 14.2 139) Died: 2.0 10216 T0230) Wa0227 
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Figure 35. Comparison of mean surface water temperatures 
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Figure 36. Distribution of surface water temperatures, 1980-1984 
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Visibility 


93. Visibility in coastal nearshore waters depends on the amount of 
salts, soluble organic material, detritus, living organisms, and inorganic 
particles in the water. These dissolved and suspended materials change the 
absorption and attenuation characteristics of the water, which vary daily and 
throughout the year. 

94. Like water temperature, visibility is related to onshore and off- 
shore winds. Onshore winds move warm clean water towards shore, while off- 
shore winds bring up colder bottom water with large concentrations of sus- 
pended matter. 

95. Present data year. Figure 37 shows daily visibility values for the 
year. Between June and September, the visibility was occasionally above 6 m; 
however, visibility was less than 2 m approximately just as often during those 


months. Table 10 shows the monthly means for the year. 
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Figure 37. Daily sea surface water visibility, 1984 
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96. 1984 versus prior years. Variation of the monthly mean visibility 
during 1984 was similar to prior years (Figure 38). Unusually good visibility 
during February and March was because of the mild wave conditions and the 
predominantly onshore, southerly winds. 

97. All years combined. Figure 39 shows the distribution of daily 
values for 1980 through 1984. For 121 days a year, the visibility at the FRF 
can be expected to be less than 1 m; while for 82 days a year, the visibility 


can be expected to exceed 3 mn. 


VISIBILITY, 


JIN FEB WAR APR MAY «JUN JUL RUG «SEP «OCT (NOV) DEC ANNUAL 
RONTH 


Figure 38. Comparison of mean surface water visibility 


Density 
98. Present year. Daily density values show large daily variations 


(Figure 40). Table 10 gives the monthly means for the year. Some density 
values were low during the spring and summer; however, the means did not fol- 
low a consistent pattern. The very low density values during August and on 

2 September were neither times of heavy rain fall nor times of abnormally high 
water temperatures. These values tend to occur when the wave angles are very 
large, approaching from north-northeast. This may create a southerly flow 
along the coast that brings relatively fresh water from the Chesapeake Bay as 
far south as the FRF; on numerous occasions plumes of fresh water from the bay 
have been observed moving south past the FRF. 

99. 1984 versus prior years. The mean monthly water density through- 
out 1984 was much lower than for prior years, especially during April and 
August (Figure 41). Since water temperature did not show a corresponding dif- 
ference, the reason for the difference is unknown. 

100. All years combined. The distribution of daily surface water den- 
sity for 1981 through 1984 is shown in Figure 42. Density values lower than 
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Figure 39. Distribution of surface water visibility, 1980-1984 
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Daily sea surface water density, 1984 
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Figure 41. 
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density 


1981-1984 


3 
1.019 g/cm occur less than 7 percent of the time. Values less than 
1.016 glen. which occurred only during the summer of 1984, account for only 


1.7 percent of all measurements to date. 


Surveys 


101. Waves and currents interacting with bottom sediments produce 
changes in the beach and nearshore bathymetry. These changes can occur very 
rapidly in response to storms or slowly as a result of persistent but less 
forceful seasonal variations in wave and current conditions. 

102. To document the temporal and spatial variability in bathymetry, 
surveys were conducted approximately monthly of an area extending 600 m north 
and south of the pier and approximately 950 m offshore. In addition, monthly 
soundings were taken along both sides of the pier. 

103. A brief discussion of the effect of the research pier on the sur- 
rounding bathymetry precedes discussions of time-histories of bottom eleva- 
tions at selected locations along the pier and contour diagrams of the 
bathymetry. 

Pier effect 

104. The research pier introduces a perturbation in bathymetry (Fig- 
ure 43) in the form of a permanent trough under the pier, apparently a result 
of the interaction of waves and currents with the pilings. The trough deepens 
under the seaward end of the pier and varies in shape and depth with changing 
wave and current conditions. The pier's effect on shore-parallel contours 
occurs as far as 300 m away, and the shoreline may be affected up to 350 m 
from the pier (Miller, Birkemeier, and DeWall 1983). 

History of bottom elevation 

105. A history of the bottom elevations is presented at the Baylor wave 
gage locations, pier sta 6+20 (189 m) and 19+00 (579 m) (Figure 44). This 
information is useful for interpretation of the wave data from gages 625 
and 615 located under the pier. Histories at intermediate locations at 323 
and 433 m are also included (Figure 44). Variations of elevation under the 
pier are caused by natural processes (such as profile changes caused by bar 
movement) as well as scour caused by the interaction of the pier piles with 
waves and currents. Throughout the year the depth of the scour hole at the 


seaward end of the pier varied approximately 0.6 m. This is relatively low in 
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FRF BATHYMETRY 9 JUL 84 


Figure 43. Permanent trough under the FRF pier 
(9 July 1984) 

comparison with prior years when the variation was observed to exceed 2 mina 
year. 

106. At 189 m, the depth variation exceeded 1.5 m. The accumulation of 
0.75 m of sediment during January was caused by erosion of the inshore. Wave 
heights were relatively low during February and March, maintaining sediment 
nearshore. The May survey was completed shortly after a mild storm which pro- 
duced slightly above mean wave conditions. However, because of the abundance 
of sediment at the time, significant erosion occurred. During the summer the 
sediment was restored. A storm in October scoured the sediment from the 
trough under the pier. Measured depth at the other positions on the pier 
remained relatively constant. 
Bathymetry 

107. Contour diagrams created from the data obtained during the bathy- 
metric surveys are presented in Appendix C; characteristics of the bathymetric 
conditions are discussed below. Figure 45 shows the locations of the surveyed 
profile lines. 

108. The first survey of the year, completed on 5 January, showed an 


asymmetric trough under the pier with an inshore end that elongated to the 
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Figure 44, Time-history of bottom elevations at selected 
locations under the FRF pier 
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south and a large snoal from 100 to 400 m south of the pier, centered 350 m 
from shore. 

109. The next survey completed on 9 February shows the trough elon- 
gating further to the south and as much as 0.75 m of erosion to the shoal on 
the south side of the pier. Sediment eroded from the shoal was deposited in- 
shore on the beach as well as seaward. 

110. An unseasonably high occurrence of waves from the south during 
March resulted in up to 0.75 m of accretion south of the pier, thus making the 
trough more symmetric. In addition, as much as 1.5 m of sediment was de- 
posited north of the pier, building a shoal out to the 4-m depth. North of 
the pier (300 m), extensive erosion was measured offshore (50 to 250m). A 
similar erosion/accretion pattern has been observed during some summers. This 
pattern usually is associated with low-to-moderate wave heights from predomi- 
nantly southerly directions, as occurred during this March. These waves have 
insufficient energy to maintain the northerly flow of sediment along the shore 
through the pier, and thus accretion occurs. Waves reaching the beach north 
of the pier's influence cause localized erosion because of the lack of sedi- 
ment from the south. 

lll. The May survey showed a shallow, symmetric trough under the pier 
and up to 1.25 m of accretion along the beach from 50 to 200 m offshore with a 
corresponding erosion of the nearshore bar at 250 m. 

112. In June, the trough was relatively shallow and symmetric. Only 
minor changes have occurred since the last survey. 

113. Low wave conditions persisted through June, July, and the first 
part of August as reflected in the minor accretion of sediments on the beach 
and otherwise minimal changes to the bathymetry measured during those months. 
A small shallow fillet at the landward end of the pier developed during this 
time. 

114. The bathymetric survey completed on 20 September showed a slightly 
asymmetric trough under the pier and cuts in the bathymetry at the shoreline. 
The trough, although relatively shallow, was steeper on the north side of the 
pier than on the south. Landward of 250 m (approximately the -3 m depth) 
there were cuts or nearshore troughs centered 300 m north and south of the 
pier. Similar cuts have been observed north of the pier during previous sum- 
mers when wave conditions were persistently less than 1 m and unidirectional 


(Miller, Birkemeier, and DeWall 1983). Since the prior survey on 11 August, 
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up to 0.75 m of erosion occurred along the shoreline and foreshore with depo- 
sition on the nearshore bar. 

115. Post-Hurricane Josephine bathymetry of 16 October exhibited major 
changes from the September survey (Figure 46). Up to 1 m of erosion occurred 
in an area 200 m either side of the landward end of the pier, extending be- 
tween 50 and 250 m from the baseline. Areas of similar erosion, produced by 
the extensive nearshore bar development, occurred at the north and south ends 
of the survey region, with as much as 1 m of accretion occurring about 250 m 
from the baseline. The scour hole at the seaward end of the pier deepened 
about 0.25 m because of the high waves. 

116. The final survey of the year was completed on 27 November. High 
waves experienced at the FRF on a number of occasions prior to the survey 
caused the trough to elongate to the south near 350 m from the baseline. A 
rip channel developed to the south of the pier as evident from the bending of 
the 3- to 5-m contours at 300 m from the pier. An unusual shore-parallel bar 


and trough system was also measured at the 2-m depth. 


Photography 


117. Two sets of photographic data were used to document nearshore and 
beach conditions in the vicinity of the FRF during 1984. Daily 35-mm trans- 
parencies were taken of the beach from the pier looking both north and south 
(Figure 47). Quarterly aerial photographic missions were also flown as indi- 
cated in Table 11, usually at a scale of 1:12,000. Figure 48 is a sample of 
the imagery obtained (3 October 1984). 
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South 


b. 


Sample photographs of the FRF beach taken 
on 26 November 1984 


Figure 47. 
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Date 


1 Feb 
ll Apr 
7 Sep 
3 Oct 


Table 11 
Aerial Photography Inventory for 1984 


Coverage 
4 miles north to 5 miles south of pier 


10 miles north to 10 miles south of pier 


Cape Henry, Va., to Cape Hatteras, N. C. 


10 miles north to 10 miles south of pier 


Format 
B/W and color 
Color 
B/W 


Color 


Figure 48. Sample aerial photograph taken 


3 October 1984 
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PART VI: STORMS 


118. This part discusses the details of storms affecting the FRF. As 


used here, "storms" are defined as times when the wave height parameter H 
) 
equals or exceeds 2.0 m at the seaward end of the FRF pier. Hourly data col- 


lected during such times are presented in Appendix D. Sample spectra from the 
Baylor gage at the seaward end of the pier are given in Appendix B. Prestorm 
and/or poststorm bathymetry diagrams are given in Appendix C. Detailed infor- 
mation on the track of each storm was taken from the NOAA Daily Weather Maps 
and the NOAA Mariners Weather Log series Volumes 28 and 29 (US Department of 
Commerce 1984, 1984-1985). 

119. There were 14 storms during the year: two had wave heights in ex- 
cess of 2 m on 5 consecutive days, three for 2 days, and nine for a single 
day. This was a mild year in comparison with prior years which averaged 


18 storms per year. 


January 1984 


1 January 


120. The first storm formed as a frontal wave southwest of Bermuda on 
the lst and tracked due north, moving past the FRF in 1 day. 
11-15 January 

121. This storm started as a low-pressure system that formed over the 
gulf coast. It moved east and offshore near South Carolina on the llth. The 
storm continued to track east through the morning of the 12th then turned 
northeast. By this time, a large Canadian high-pressure system moved over New 
England where it remained through the 13th. On the 14th two new extratropical 
cyclones formed well east and offshore of the mid-Atlantic seaboard, helping 
to maintain high waves into the 15th. 


February 1984 


14-15 February 


122. A frontal low-pressure system formed over South Carolina on the 
13th and moved over eastern North Carolina producing high winds from the 


southeast on the 14th. The low tracked due north past the FRF on the 15th. 
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23 February 
123. This low formed in the Gulf of Mexico on the 21st and moved north 


up the coast behind a cold front that moved offshore during the evening of the 
22nd. 
28 February 

124. This huge low formed over Texas on the 25th. As it moved east it 
pushed a cold front offshore, then turned and tracked north, inland of the 
coast, behind the front. The storm was over North Carolina on the 28th pro- 


ducing high winds from the south. 


13 March 1984 


125. A Canadian high that moved east across the Great Lakes on the 12th 


was centered over Maine on the 13th. 


31 May 1984 


126. After forming over the gulf off the west coast of Florida, this 
low moved north along the coast behind a cold front which moved offshore. 
Centered off North Carolina on the 3lst, the high winds produced the only 
storm of the spring of 1984. 


September 1984 


27 September 
127. A Canadian high moved into the Midwest on the 25th and tracked 


east across the United States. On the 27th, while centered over the Great 
Lakes, the storm produced high winds from the north at the FRF before moving 
offshore. 
29-30 September 

128. A low formed in a frontal trough off the North Carolina-Virginia 
coast early on the 29th producing high northeasterly winds. At the same time 
Hurricane Isidore formed over Florida and was moving north behind the front 
associated with the low offshore of the FRF. Isidore tracked due north with 
the hurricane's center passing the FRF on the 30th. 
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October 1984 


11-15 October 

129. Hurricane Josephine formed as a tropical depression about 900 km 
east of Miami and moved northwest. The effects of Josephine were felt at the 
FRF early on the llth when the hurricane center was off the Georgia- 
South Carolina coasts. A Canadian high which moved east across the Great 
Lakes slowed the northerly track of Josephine which drifted past the FRF from 
the 12th through the 14th. Although still producing high winds and waves at 
the FRF, the storm center was off New England by the 15th. 
17-18 October 

130. Two high-pressure systems, one which formed over Bermuda and one 


over Canada, combined to produce high winds and waves at the FRF. 


November 1984 


3 November 

131. An arctic high moved southeast into New England behind a cold 
front which passed off the Atlantic seaboard early on the 3rd. 
20 November 

132. The effect of this huge arctic high was felt all the way to the 
North Carolina coast as the system moved south into the central states on the 
20th. 


6 December 1984 


133. The only storm of the month was the result of a low that formed in 


the gulf and raced northward past the FRF on the 6th. 
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APPENDIX A: WAVERIDER BUOY CALIBRATION INFORMATION 


1. This appendix presents the calibration information required for the 
two Waverider buoy gages used during 1984 at the 3-km offshore installation. 
Table Al lists the operational dates of each gage as well as the predeployment 


and postdeployment calibration dates. 


Table Al 


Operational/Calibration Dates for the Waverider Buoys 
Used at the FRF During 1984 


pA a ya a ll li eR Mat ec ome NSA cee Se SR ec a Ee 
Serial Number Operational Calibrated 
67715-7 29 August 1983- 1 December 1982 
31 December 1983 20 March 1984 
1 January 1984- 1 December 1982 
5 March 1984 20 March 1984 
66967 5 March 1984- 1 December 1982 
14 November 1984 
67715-7 5 December 1984- 20 March 1984 


31 December 1984 


2. The buoys were calibrated either at the National Oceanic and Atmos- 
pheric Administration (NOAA)/Engineering Support Office (ESO), Wave Instrument 
Facility (Ribe 1981),* or at Adamo Rupp Associates (ARA) in Solana Beach, 
Calif. Calibration results are presented in terms of two factors: (a) the 
Datawell-specified decrease in electronic sensitivity as a function of oscil- 
lation period error, and (b) a difference error based on deviations from 
(a) found during the calibrations. The corrections and their application are 


discussed below. 


Datawell-Predicted Decrease in Sensitivity Error (DW) 


3. Waverider buoy sensitivity /A/ for buoy electronics decreases with 
increasing period T of sinusoidal vertical motion according to Datawell as 


follows: 


* References cited in this appendix are included in the References at the end 
of the main text. 


Al 


NPS (Al) 


where tA = 30.8 sec is a characteristic period provided by Datawell. The 
manufacturer states that this sensitivity decrease results in amplitude errors 
of less than 3 percent for oscillation (wave) periods less than 15 sec. Fig- 
ures Al and A2 present curves for the DW = /A/ - 1 , the Datawell-predicted 
sensitivity decrease error, and, as can be seen, the actual sensitivity does 
not decrease with period according to the Datawell relationship (Equation Al) 


given above. 
Difference Error (d) 


4, The difference error d is the difference between the Datawell- 
predicted decrease in sensitivity error and that found from the actual buoy 
calibrations. 

5. In Tables A2 and A3, DW and d are tabulated as a function of T 
for each buoy. The best accuracy would be obtained by choosing the calibra- 
tion values nearest in time to the date of the measurements. 

6. Since these error corrections are oscillation-period dependent, 
their application requires that the wave data be decomposed into amplitude co- 
efficients or variance-spectrum coefficients for each frequency or period. A 
less accurate but also less complicated procedure would be to apply a single 


correction to the wave height Ho based on the peak-spectral wave period 
fo) 
. - For correction of amplitudes or derived parameters linearly related to 


amplitude, a correction factor F(T) can be obtained from the sum of DW and 


d by: 


1 


ECD) S= ep (DWE) 


(A2) 


which can be applied by multiplying the uncorrected amplitude by F(T) for 


a - For correction of parameters related to the square of the amplitude 
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Figure Al. Waverider 67715-7 predeployment and 
postdeployment calibrations 
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Figure A2. Waverider 66967 calibration for 
1 December 1982 


A3 
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Table A2 
Waverider 67715-7 Errors (Proportion) 


Period, sec Frequency, Hz d 


1 December 1982 Calibration 


ZO R17, 0.050 -0.0058 
15856 0.064 -0.0106 
ee SS) 0.088 -0.0076 
9.40 0.106 -0.0021 
Lis 25 0.138 +0.0030 
59,0 0.169 +0.0052 
4.66 0.215 +0.0127 
20 March 1984 Calibration 
Whe (2 0.045 +0.030 
14.3 0.070 +0.009 
IOS) 0.095 +0.018 
Geel! 0.165 +0.008 
Table A3 
Waverider 66967 Errors (Proportion) 
for 1 December 1982 Calibration 
Period, sec Frequency, Hz d 

20.64 0.048 -0.0641 
15)50 0.065 -0.0632 
Io 4 0.087 -0.0640 
Qielt5 0.109 -0.0638 
6.64 ORAS -0.0636 
4.70 0.213 -0.0574 
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DW 


-0.0809 
-0.0310 
-0.0090 
-0.0043 
-0.0015 
-0.0007 
-0.0002 


-0.1126 
-0.0225 
-0.0067 
-0.0008 


DW 


-0.0878 


-0.0306 
-0.0097 
-0.0039 
-0.0011 
-0.0003 


(i.e., total energy or variance spectrum coefficients), the following should 


2 1 ¢ 
[ro] : [ara ow 


7. To apply the correction, first the difference error between the 


be used: 


Datawell-predicted error and the error measured during calibration is deter- 
mined. The Datawell-predicted error and the difference error are summed, and 
the decrease in sensitivity (based on the wave period) is computed by adding 1 
to the sum. 

8. To demonstrate the use of the calibration results, the Waverider 


buoy recorded an Ha of 3.7 m and a a of 14 sec on 13 October 1984. From 
fo) 
Figure A2 and Table A3 with calibration results for 1 December 1982, buoy 


66967, the d for 14 sec is -0.0635 (interpolating from Table A3). This d 
is added to the DW of -0.0207 (Equation Al minus 1.0), e.g., -0.0635 

+ (-0.0207) = -0.0842 , and the sensitivity is computed by adding 1 or l 

+ (-0.0842) = 0.9158 . This sensitivity is used to correct the Ho = 3),/) 


T = 14 sec as follows: 2 


Uncorrected He divided by the sensitivity = corrected He 
fe) fe) 


or 


— = 4.04 m (8.4 percent increase) 


and the correction for a variance coefficient at this period is applied as: 


Uncorrected variance coefficient 


(0.9158) ° 


9. In general, the wave statistics errors for 1984 are less than 
7 percent for wave periods less than 12 sec and less than 10 percent for 
longer wave periods. Errors of this magnitude are generally tolerable for 


most engineering applications, although it is worthwhile to know the error 


A5 


bounds for some design considerations. When warranted, the correction proce- 
dure presented in the above is recommended since these will produce increased 
magnitudes of the wave parameter. For statistics based on multiple years of 

data, the manufacturer's specified error is recommended for use in estimating 


a correction. 
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APPENDIX B: WAVE DATA 


Wave data summaries for 1984 and climatological summaries for 1980 


through 1984 are presented in this appendix. An explanation of the summary 


formats is followed by a list of tables and figures, then the data for 


gages 625, 620, and 615. Wave data are summarized in the following forms: 


a. 


Io 


}Q. 


|o 


Gage histories. Table Bl includes information about the gages, gage 
installations, and major interruptions in the data collection. 

Short interruptions in the operational status of the gage are not 
mentioned. 


Time-histories. A continuous display of individual wave height and 
peak spectral wave period values is plotted as a function of the 
time throughout the year (Figures Bl, B20, and B33). Gaps indicate 
breaks in the data longer than 24 hr. 


Annual, seasonal, and monthly maxima, mean, and standard deviations 
of wave height and peak period. The 1984 mean wave height and stan- 


dard deviation, mean peak wave period and standard deviation, and 
extreme wave heights are listed in Tables B2, B12, and B22 and are 
plotted in Figures B2, B21, and B34. Combined statistics for 1980 
through 1984 are given in Tables B7, B17, and B27 and are plotted in 
Figures Bll, B27, and B40. Also included in the tables is the total 
number of observations obtained; at four observations per day, the 
maximum number of observations per month (based on a 30-day period) 
is 120. In the figures, the standard deviations are presented as 
vertical bars originating at the mean value and extending to the 
mean plus one standard deviation value. The extreme values are 
plotted above. No extreme period values are presented. 


Joint distribution functions of wave height versus peak period. 
Annual, seasonal, and monthly joint distribution tables are pre- 


sented for 1984 in Tables B3-B5, B13-B15, and B23-B25; data for 1980 
through 1984 are presented in Tables B8-B10, B18-B20, and B28-B30. 
Each table gives the frequency (in parts per 1,000) for which the 
wave height and peak period were within the specified intervals; 
these values can be converted to percent by dividing by 10. 

Marginal totals are also included. The raw total gives the total 
number of observations out of 1,000 which fell within each specified 
peak period interval. The column total gives the number of observa- 
tions out of 1,000 which fell within each specified wave height 
interval. 


Cumulative distributions of wave height. For each gage, annual, 
seasonal, and monthly wave height distributions of 1984 are plotted 
in cumulative form in Figures B3-B5, B22-B24, and B35-B37. Data for 
1980 through 1984 are in Figures B12-Bl14, B28-B30, and B41-B43. 


Peak spectral wave period distributions. Annual, seasonal, and 
monthly peak wave period T distribution histograms for 1984 are 


presented in Figures B6-B8, B25, B26, B38, and B39; data for 1980 
through 1984 are in Figures B15-Bl7, B31, B32, B44, and B45. 


Bl 


I> 


Ibs 


Persistence of wave heights. Tables B6, B16, and B26 show the 
number of times throughout 1984 when the specified wave height was 


equaled or exceeded at least once during each day for the duration 
(consecutive days) indicated; data for 1980 through 1984 are in 
Tables Bll, B21, and B31. For example, Table B6 for gage 625 
(pier-end Baylor) indicates wave heights equaled or exceeded 1.0 m 
49 times for at least 1 day; 34 times for at least 2 days; 23 times 
for at least 3 days; 15 times for at least 4 days, etc. Therefore, 
on 15 occasions, the height equaled or exceeded 1.0 m for 1 day 
exactly; on 11 occasions for 2 days; on 8 occasions for 3 days, etc. 
Note that the height exceeded 1 m 49 times for 1 day or longer, 
while heights exceeded 0.5 m only 22 times for this same duration. 
This occurred because the longer durations of lower waves may be 
interspersed with shorter, but more frequent, intervals of higher 
waves. For example, the one time that wave heights exceeded 0.5 m 
for 62 days may represent 5 or 10 times the height exceeded 1 m for 
shorter durations. 


Visual wave observation roses. Wave heights from the pier-end 
Baylor gage (625), and visually observed wave approach angles are 
combined to produce wave direction versus height distributions. 
Data for 1984 are in Figures B9 and B10, while 1980 through 1984 
data are in Figures B18 and B19. The angles are referenced to true 
north. Northerly wave angles (e.g. less than 70 deg) generally 
produce southward currents while southerly wave angles greater than 
70 deg produce northward currents. 


Spectra. Spectra for the pier-end Baylor gage (625) for days when 
wave heights exceeded 2 m are presented in Figure B46. The plots 
show energy density as a function of wave frequency. 
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Table B2 
1984 Mean, Standard Deviation, and Extreme Ho and a for Gage 625 


Standard 
Standard Mean Deviation 

Mean Deviation Period Period Extreme Number 
Month Height, m Height, m sec sec Height, m Date Observations 
Jan 2 0.6 8.8 7a) Phe 11 1S 
Feb 0.8 0.5 8.8 Ziel JES) 15 112 
Mar 1.0 0.4 eZ 236 2.0 13 LS 
Apr 0.9 0.3 10.1 138 1.6 5 113 
May ORE 0.4 7.9 2.4 Drak 31 116 
Jun 0.6 0.2 8.3 19) 1.1 25 109 
Jul 0.5 0.2 9.4 S15) 13 8 121 
Aug 0.5 0.2 7.8 1.9 Is} 26 111 
Sep eal 0.5 8.4 Diol od 30 116 
Oct WZ. 0.7 10.4 2.8 S55) 13 121 
Nov 1.1 0.4 8.4 Dee) 7a | 106 
Dec 0.8 0.3 9.1 2 Dire. 99 
Jan-Mar 1.0 0.5 8.9 293 aot Jan 340 
Apr-Jun 0.7 0.3 8.8 23 2.1 May 338 
Jul-Sep 0.7 0.4 2.7 Sep 348 
Oct-Dec 1.0 0.6 9.4 29 3.3 Oct 326 
Annual 0.9 0.5 8.9 210 3153 Oct 1,352 
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Figure B9. 1984 annual and seasonal visual wave observation roses 
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Figure B10. 1984 monthly visual wave observation roses (Continued) 
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Figure B30. 1980 through 1984 monthly cumulative 
distribution of Ho for gage 620 (Continued) 
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APPENDIX C: SURVEY DATA 


Contour diagrams constructed from the bathymetric survey data are pre- 


sented in this appendix. The profile lines surveyed are identified on each 


diagram. Contours are in half metres referenced to National Geodetic Vertical 


Datum. The distance offshore is referenced to the Field Research Facility 


(FRF) monumentation baseline behind the dune. 
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Figure Cl. 
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Figure C3. 
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Figure C4. 
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Figure C5. 
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Figure C6. 
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Figure C7. 
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Figure C8. 
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APPENDIX D: STORM DATA 


1. Whenever the wave height Ha exceeded 2 m at the seaward end of the 
fo) 
Field Research Facility (FRF) pier, data were collected hourly. The available 


data for the 14 storms (reported in Part VI of the main text) are presented in 


Figures D1-D14. 


Atmospheric Pressure 


2. Reported in millibars, these data are useful for documenting the 
type of storm, the passage of fronts, and the intensity of the atmospheric 


pressure system. 


Wind Speed 


3. Local winds are generally responsible for the wave conditions at the 


FRF. Wind speed is reported in metres per second. 
Wind Direction 


4. Referenced to true (star) north, the wind direction indicates the 
directions from which the winds are blowing, e.g., winds blowing from west to 


east are referred to as having an angle of 270 deg. 
Wave Direction 


5. Referenced to true (star) north, the wave direction measurements are 
taken at the seaward end of the FRF pier. The pier axis (considered perpen- 
dicular to the beach at the FRF) is oriented 70 deg east of true north; conse- 
quently, wave angles greater than 70 deg imply the waves were coming from the 


south side of the pier. 


D1 


Gage 625 H 
Mo 


6. The wave height, measured in metres, was that obtained from the 


Baylor wave staff located at the seaward end of the FRF pier. 
Wave Period 
7. The peak spectral wave period in seconds from gage 625 is reported. 
Water Levels 
8. Reported in centimetres and referenced to the National Geodetic Ver- 


tical Datum, the water levels were obtained from the National Ocean Services 


primary tide sta 865-1370 at the seaward end of the FRF pier. 
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